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FIELD OF im INVENTION 

The present invention relates to ii'-amySase variants having smpraved properties 
mmm to m parent enzyme (e.s< improved thermal and/or oxidallon stability 

S snd/or r@duced csfeium ion dependsficy)* and thereby Improv©^ wssl^jng snd/or 
dfshwasNng i&Mim teidils desisstng) perfermance. The invention also relates to 
DMA constructs encoding the variants, and to vectors and cells harbouring the DNA 
coftstruds. The invention fiirth«r relates to methods of producing the amylase 
varianls, an6 to detergent additives and detergent compositions comprising the 

10 amylase variants Furthermore, the Invention relates to the use of the amylase 



a-^mylBBB enzyrnes have been used induslrialiy for a number of yosrs and for a 
variety of dlfferer^t purposes, the most important of which are starch iiqyefaction, 
n textile desizing, starch modification In the paper and pulp industry, and for brewing 
and baking. A fyrther ysa of ^-amylases whid^ is becoming increasingly important 
is the mrnovai of slar^shy stains <turihs^^^^ or dl^hwasliing. 

In recent years attempts have been made to construct ir^amylase varients having 
improved propert^s with mpm to speciio uses such as starch liquefeoion and 
m textile desizing> 

For instance, US 5,083,257 discloses chsrneric j?-amylases comprising an N-terrninai 
part of a B stmromemophifus ^-amylase and a C-terminal part of a B. 
lichemhmtis o-amylase. The chimeric «f-amylases are stated to have miqu& 
properties, such as a different thermostaisiiity, as compared to their pamnt 
as a-amylase. However, al! of the spedficaliy described chimeric cr-arnylases were 
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Bbmn to hav© a decftased enzymatic sdfvlty as mmpm^ to tl^asr parent 



£P 252 666 describes hybrid amylases of th« general formula ir? which G 

js a N^temiinai polypeptide residue of from 55 to 60 amino acid residues which ss 
5 at ieast 75% homologous to the 57 N-termir?al amino add residues of a speclfed 
e-amyias© from B. amyiQiiquefamm, R is a spec« polypeptide, and L is a C- 
temm&\ pol^BpUe mmprmm from 390 to 400 amino acid residues which ss at 
ieast 75% homoiogous to the m C^erminal amino acid residues of a specified S. 
mh&niformis «r-amyiase, 

1G Suzuki el aL (1989) disclose chimeric «?»amyisses. in which specified regions of a 
8. amy/o//Q{i0faae,'7s «f-amyiase have been substituted for the correspor^dlng 
regions of a S. lichenlformis «f-amylase. The chimeric sf-amylases were constructed 
with the purpose of tdentifying regions responsible for thermostafeility. Such regions 
were found to include amirso acid residues 177^186 and amino acid residues 255- 

15 270 of tlie 8. amyhmuemcmns a-amy!ase. The alterations of ammo acid residues 
in the chimeric ^--amylases did not seem to aflect properties of the enzymes other 
ttian their thermostability, 

WO 91/00353 discloses «f~amy1ase rnulants whsch differ from thesr parent cs-Bwyiam 
in af least one amino acid residue. The i?-amyiase mutants disclosed in said patent 

20 appiication are ^mad to exhibit improved properties for application in the degrada - 
tion of starch and/or textile desizing due to their amino acid substitu^ons. Some of 
the mutants exhibit Improved stability, but no improvements in en^mstic activity 
were reported or Indicated. The only mutants exemplified are prepared from a 
parent 8. Hctiem'omvs a-am-yiase and cam/ one of the following mutations: H133Y 

2b or H133Y T1491. Another suggested rnuialion is A11iT, 

FR 2,675,456 d;sdoses mutants of the B. ifChenifonrus «?-arrv/lase, ir) which an 
artiino acid residue In the proximity of His 133 and/or an amino ac^d residue in the 
proximsty of Aia 209 have been replaced by a more hydfophobio af?Mno acid ress- 
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doe; The re^yiifsg m-^mflBm mutmt$ am stated to Na^e an Impfova^ 
Itiiirmostabllity and to foe useful In the ISKlstg. paper* ferewing and starch liquelaetiosi 
indystry. 

EP 286 123 disdoses a method of performing random mutagenesis of a nudeotlcte 
& sequence. As an e)sampie of Such sequence a nuoleotide sequence encoding a 8. 
st^amUmnmphiius ©-amylase Is menttoned. When mutated, an «r-amyiase variant 
ha^^ing jmpmved activity at low pH values is obtained. 

in none of the alcove references is it mentioned ommn suggested that a^am^lase 
mutants may be instructed which have ihij^roved pfopertles with ies0ect to the 

10 detergent industr>', 

EP 52S 610 relates to mutant enzymes having inrsproved stability towards ionic 
tensides (surfsdants). The mutant enzymes have been produced by repfacing an 
airtlif^o add residue in the sur^ce part of the parent ens^nte with anoth^ amino 
acid residue. The only mutant enasyme sjseoiiRceily described in EP 52a 610 is a 
15 protease. Amylase is motioned as an example of an enzyme which may obtain an 
improved stafoiiity towards icmtc lensides. but the type of amylase, Its origin or 

«\fw ^/u^swr €i|[sc«i9!§es ^p-ansyiase mMfxsnis wnscri exnjoii improvecs siaDisHy ano 
mrnxvi^ m ine presence or oxiOizing agenis. m ine muiani cr-smysases, orse or more 
£M meinionfne resioues nave oeen repjaceo wsin ammo acio r^ioues oiTTerem Trom 
Gys and Met. The «framyiase mutants are stated to be useful as determent and/or 
dishwaihing addidvis as well as fer fesrlile desiring < 

in the MWf position of Mffh&tt}k^fMi$ ^f-amyla^- 
2S EP 368 mi describes the use of pullulsnase and other amytolytjc enzymes 
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An object of the present invention h to provide er-amylass variants which - relative 
to thaif parent a-smylase - possess improved propertiias of impoftsncs, I nt er alia. 
In relation to the washing and/or dishwashing performance of the variants in 
question, e.g. i?->crea&ed XhetmBl stability increased stability tov-'ards oxidatson, 
5 reduced dependency on Ca^* ion and/Of improved stabiisty or activity ;n the pH 
region of reievance in. e.g., laundry washing or dishwasi^ing. Such mmni 
anr^ylases have the advaf^tage, among others, that they may be employed In a lower 
dosage than their parent *r-amySase. FurthermorB. the «F-amylase variants may be 
ahie to remove starohy stains which cannot, or can onSy with cJimculty, be removed 
10 py ®~arnyia»e astergeni snzyfiies Known loaay, 

BRIEF DISCLOSyRE OF THE INVENTION 

A goal of th© worn underlying the present invenlson was to improve, if possible, the 
stability of, mt^r alia, particular isr-amylases which are obtainable torn BadHus 
strains and which themselves had been selected on the basis of their starch 

1S removal performance in alkaline me^lia {such as in deterger^t solutions as typically 
employed in laundry washing or dishwashing) relative to many of the currently 
commercialiy available «F-amylas8s, in this connection, the present inventors have 
surprisingiy found that It is in fact possible to improve properties of tiie types 
mentioned earlier (w«^e supm) of such a patent ^-amylase by judicial modification 

20 of one or more amino acid residues in various regions of the amino acki sequence 
of the parent ^-amylase. The present Invention is based on tliJS finding 

Accordingly, in a first aspect the present Invsntspn relates to variants of a parent a- 
amylase, the pBtent er-amylase in <?uestion being one wtiich; 

i) has one of the amino acid sequences shown in SEQ ID No. 1< SEQ ID No 2, 
26 SEQ ID No. 3 and SEQ 10 No. 7. respectively, herein; or 

i;] displays at seast 80% homology with one or nnoro of the amino acid sequences 
shown in SEQ ID No, 1 SEO ID m. 2, SEQ ID No, 3 and SEQ ID Mo, 7; and/or 
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displays immunojogfcal cross-reactivity with an antibody raised againsi an 
«-amylsse having one of the amino acid sequences shown in SEQ ID No, 1 . SEQ 
ID No. 2, SEQ ID No. 3 and SEQ ID No, 7, respectsvefy; and/or is encoded by a 
DNA sequence which hybridizes with the same probe as a DN.A sequence encoding 
5 an jaf»amyiase having one of the amino acid sequences shown in SEQ ID No. 1 > 
SEQ ID No, 2. SEQ ID No. 3 and SEQ ID No. 7. respectively. 

An a-amylase variant of the invention is subject to the proviso that it m a variant 
which does not have an amino acid sequence Identical to fhe antino add S6<|y©nc© 
shown in SEQ ID No. 1, in SEQ ID No. 2. In SEQ ID No. 3 or In SEQ ID No. 7. 

10 DNA sequences encoding the first three of the *?-amylase amino add sequences in 
question are shown in SEQ ID No 4 (encoding the amsno acid sequence shown in 
SEQ ID No. 1), SEQ ID No. 5 (encoding the amino acid sequence shown in SEQ 
ID No. 2) and SEQ ID No. 6 {encoding the amino add sequence shown in SEQ ID 

No. S). 

IS The amino acid sequences of the SEQ ID No. 1 and SEQ ID No. 2 parent 
«r-amyl3ses, and the corresponding DNA sequences (SEQ ID No. 4 and SEQ ID No. 
5, respectively) are also disclosed in WO 95/26397 (under the same SEQ ID Nos. 

as in the present sppltcstion)> 

The. yarimtB, of the invention are variants in which: (a) at least one amino acid 
20 residue of the parent ^-amylase has been deleted; and/or (b) at least one amino 
acid residue of the parent 0-amylase has been replaced (i.e. subs^tuted) by a 
different amino acid residue; and/or (c) at ieast one amino acid residue has been 
inserted relative to the parent o-amymse. Jt-.e variants in question have themselves 
«f-amylase activity and exhibit at least one oi the following properties relative to the 
2$ parent ^-amylase: 

inemasad tharrrtoslabliity, i e, satisfactory retention of enzymatic activity at a 
tempefature higher than that suitafol® for use with the parent enzyme; 
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increased oxidation staiinlity, i.e. incmased restetance to degradation by oxidants 
(such as oxygen, oxidizing bteaching agants and th§ Ilk©); 

reduced Ca^* dependency, s.e. the ability to fi^nct^on satisfactorily in the presence 
of a fower Ca^* cor^centfatlorE than In the case of the pare?il ef-amylase. «?-Amylases 
6 with such reduced Ca^' dependency are highly desirable for use in detergenl 
Gorr^positions. since such compositions typically comain relatively large amounts of 
substances (such as phosphates, EDTA and the lil«e) which bind caioium ions 
strongly. 

Examples of othef «rabte improvements or modifications of propeities (relative 
IP to the parent ©-amylase in question) which may be achted with a variant 
aoooroing to ine unv^ntfc^ii ar©; 

increased stability and/of «f-amyloiytic activity at neutral to relatively high pH values, 
e,g. at pH values in the range of 7-10.5, such as in the range of 8.5-10.5; 

increassil <?~amylolytlc activity at relatively high temperatures, e.g. temperatures In 
IS the range of 40~TD*C; 

increase o' deceaj^e ct f^t ssoesec^uc ocnt ipis so as to bette* matcn the pi vsiuo 
for the fi'-amy^ase ^amnt m question to the oH 3t the ned ..m (c g 3 savi^ary 
washing medfum. dishwashing mediym or lexliie-desiang rriedmrrii m which the 
vanant is to be erfiployed (v/de ir?f^s)< and 

so improved binding of a particular type of substrate, improved speciftcity towards a 
substrate, and/or smproved spcsciUsi^ viflth respect to cleavage (hydrolysis) of 

substrate. 

An amino acid sequence is considered to be X% homologous to the pwen\ 
iff-amyiase it 3 comparison of the respective amsno add sequerices, perfo^fneci via 
25 known algorithms, such as the one described by Lipman and Pearson in Science 
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m. p. mveals an idaiiti%? mm The mP mrm^r program torn the 
GCG package, version 7,3 (June 1i03), may syrtably foe used, ampioyleg dafaiilt 
values for GAP penalties penetic Computef amyp (1S91) Programme Manual for 

mm Gees fmrn^ y^rmn iM^m^ mmmn, mmmm, mhmi% 

$ in the <;ORt0xt of the pmient Invention, ''improved pefforman?:^** as used Iri eon« 
nedion wrth washing ariel dishwashing Is, as already lndioat€^ alstova, intended t<^ 
rmm Imoroved mmoval of st^rohv staiiis ie stains a>rjtefn(!ta starcfi dyrifio 
wasfiin^ or aisnwasn»r*St respacwap^, i n© poFiormanc^ rnay oa oeienBioacs fo 
canwnttonaiwashlng and dfshwashlrig experlnients andl the Improvarnent evaluata?! 

10 as a comparison with the perfom^ance of the parent ^-amylase In question. An 
ejsampls of a stYisH-seale *'n>iT5i dlshwashitig test'' which can foe usad an indicatof 
©T oiisnwasnjrig pfSFfoirnanoe is sasonaaci in tne EysjE^nmenia! soctton, oeiow. 

It will be understood that a variety of dlffarem characteristics of an «f-amyiase 
variant, including specific activity, substrate specificity, (the so-called "Michaelis 
15 constanf In the MIchaelrs-Menten equation), V^^ [the maximum rate (plateau value) 

of conversion of a given substrate determined on the basss of the Michaeiis-Menten 
eQuation], pi, pH optimum, temperature optimum, thermoaclivation, stability toMvards 
oxidants or surfactants (e.g in detergents.?. etc.< tai^en alone or in combinatiort, can 
oontnbute to Improved pefformance. The skilled person will be aware t^at the 
20 pajformance of the variant cannot, alone, be predicted on the basis of the above 
charactahsttcs. but would have to be accompanted by washing and/or dishwashing 
perfbrrtiance tests. 

In further aspects the Invention relates to a DNA construct comprising a DNA 

sequerice encoding an c?-amyiase wBnBni of the invention, a recombinant expression 
2ii vector carrying the DNA construct, a cell which iS transformed with the DNA con- 
struct or the vector, as well as a method of producing an «f~amyiase vanant by cui - 
turm§ such a cell under conditions conducive to the production of the a-amyia&e 
variant, after whbh the ^-amylase variant is recovered from the culture. 
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In 3 furtlier aspect the invention relates to a method of preparing a vanant of a 
parent gf-amylase which foy virtue of its improved properties as described above 
exhibits improved washing and/or dishwashing performance as compared to the 
parent cf~srnylsse. This roethoci cornpdses 

6 a) constructing a popufation of cells containing genes ancoding variants of sasd 

b) sereenir^ the population of calls for «r-armylase activity ynd^r conditions 
sirnulatsng at least one wa$h^§ and/or dishwashing condition, 

c) isolating a call from the population containing a gene encoding a variant of said 
10 parent sr-amylase which has improved activity as compared with the parent a- 

amylase under the conditions selected in step b). 

d) cuituring the cell isolated in step c) ynder suitable conditions in an appropriate 
cuilyre mediom, and 

e) recovering tse m-mrf^ vanant fi^om the culture obtained in step a). 

IS The invention also relates to a variant (which is a vanant according the Invention) 
prepared by the fatter r?iethod. 

In the present context, the term "simulating at least one washing and/o? 
dishwashing condition" is intended to indicate a simulation of. 8,g , the terrsperalure 
or pH prevailing during washsng or dishwashing, or of the chemicai composition of 
20 a detergent composition to be used in the washing or disiiwashing treatment. The 
lerrn cnemscaf composjuon m inienaes lo inCiUue one, or a cornotnaifon ot two or 
more, constituents of the detergent composjlion in guestlon. The oonsStuenis of a 

The '-popuistion of cells" referred to in step a) may suitably Pe constructed by 
25 cloning a ONA seauence encoding a parent £f-amylase and subjecting the DNA to 
sste-directed or random mutagenesis as described herern. 
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In Ih6 pF6S©nt conl6Xt th6 t6ffn 'Vsfissnt" ss us6d snterch^nQSSbly with th0 terni 
"nr^utant"- The term 'variant" is intended to snclude hybrid <?~amylases. i.e. 
a-amylases comprising parts of at ieast two different sf-amyfolytic enzymes Thus, 
such a iiybrid may he constructed, e g.< from: one or more pm^ each dsriving frorr^ 
5 a vanant as already defined above; or one or more parts eaoh deriving from a 
variant as already defmed almye, and on© or mom parts each deriving from an 
ufimodifi^d pw©fit j^'arntylss©, iB tbis connections th@ invention 0iso r^istos to a 
method of producing mch a hyforld «-anfiylase having improved washing and/or 
dishwashing perforniancB as comparsd to any of ^ constituent enzymes (Ib. as 
10 compared to any of the enzymes whtch contnbute a part to the hybrid), which 

a) rocombining />> vivo or m vitro the N-terminai coding regior^ of an 0- amylase gene 
or corresponding cDHA of one of the constituent €r~amylases with the C4errtiinal 
coding region of an cr-amylase gene or corresposiding cDNA of another constituent 

b) s@leotin0 fBcornibinsfsts that produce a hyferid ^-surrtylssa havinig improvisd 
washing and/or dishwashing porfontisno® as compared to any of its constituent 
Sf-amyiases, 

c) cultunng recombinants seiected in step b) imd^r suitable conditions in an 
20 appropriate culture medium, and 

d) rscovsffng the hybrid sr-amyiase itom the culture obtained in %tBp c). 

In further aspscis the inventiof? relates to the use of an a-aniylase variant of Hie 
ir^vention [inciudir^g atiy vatlsfit or hybrid pfepsred by oiie of the above mentioned 
methods} as s detergent enxyms, in particular for washing or dishwashing, to a 
26 deterger^t additive and a detergent composition comprising the 0-amylase \fa?imi. 
and to the use of an ^y-amylas© variant of the Invention fer tesdsle desiring. 

Random mutagenesis may be used to generate variants according to the invention, 
and the invention further relates to a method of preparing a vananl of a parent a~ 
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m ^m^9 a Dim rnqmrne eecodlng the pmm cjvamylase to mmom 

(b) expressing the mutated DMA se<|yenc8 ofetain©<i sn step (a) sn a host ceil, and 

(c) screening for host cells expresssng a mutated amyiolytic enzyme which has 
6 improved properties as described above (e.g. properties such as decreased calcium 

dependsncy, fncfsasad oxfdstson staijilltyi !ncri^s@d theff??oslsbHity. and/or 
improve«l actively at relativeiy high pH) as compafed to th© pBrmt a-amySase. 

DTOILED PISCtOSyRE or THE INIVE^TIQI^ 



10 m tm present descrjptbn and claims, the conventional one-letter codes for 
HMS^edtkles aiid the conventional one-letter and three^etter codes for amino acid 
residues afe used. For ease of relerencef 4ar-arnylase variaM$ of thB ipveRtion ar^ 
describe by use of the following nomersolatuf^: 
Origiriai arnino add(s);positiDnf$5:subst!ltiteci amiiio add(s) 

15 

According to this nomonclsture, and by way of exarnpte, the substitution of aiantne 
for asparagine in position 30 is shown as; 

Ala 30 Asn or A30fJ 

a deletion of alanin© In the saoie position Is shown as; 
20 Ala 30 * or A30* 

afid lnsertlon bf an additional amino acid residue, such as lysine, is sho^n as: 
AlaSOAfeLys Or A30AK 

A deletion of a comecylive stretoH of amino aeid msldues, exemplified by amino 
acid msldues 30-33, is indicated as (ZmW- 
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Where a sp^sfjc a-amylase contains a "deletion** lacks an amino add residue) 
in cormpanson with other ar-smyias^s m4 sn insertion is made in such a position, 

this indicated as; 

* 36 Asp or *3aD 

5 for Insertion of an aspaftic Bcid in position 36 

?vluit!ple mutations are separated fey plus signs, i.e.: 

Ala 3§ Asp * aiu 34 Ser ©r A30N'i-E34S 

r©pfeS6n^n0 ftiutstions ki positions 30 sitd 34 (in whioh alansne and gfi^tafnic acid 
repisc©, i.8. ar6 substituted for, asparsgine snd serine, fBspBctiysly). 

10 When one or more aitemative amino acid residues may be inserted in a given 
position this is Indicated as: 
ASON.Eor 
A30N or A30E 

FurtheOTiDre, ^sfhen s position suitable fer rnod^cstlon Is identified her®in 'sftfithout 
IS any speollio modification being suggsstsd, It Is to be understood that any other 
amino acid residue rtiay be stibsMuted for the smino acid ressdu© present in that 
position (i.e. any amino acid residue - other than that normally present In the 
position In question * chosen among A, N, D, C. Q. G, H, I I, K, M, F. f\ S.. 
T. W, Y and V). Thus, for instance, when a modification (replacement) of a 
to methionine in position 202 is mentoed, but not specified. It is to foe understood 
that any of the other amino aclds insy foie substituted for the methionine, i-e, any 
other amino add chosen among A.aN.O,C.Q,E.G,HJ.L,K.FP,S.T.W.y and V. 



As already indicated, an e-amyjass variant of the invention Is very suitably prepared 
26 on the basis of a parent £?-amyiase having one of the an^ino acid sequences shown 
in SEQ ID No, l, SEO ID Ho. 2. SEO ID No. 3 and SEO ID No. 7, fespectiveiy mie 
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The parmt <¥»amylases having the amino acid sequences shown m SEQ 10 No. 1 
and SEQ ID No. 2, respectively, are obtasnafete from aikaHphilic BadlluB strains 
(strain NCfB 12512 and strain NCIB 12513. respsctivaiy). both of which are 
described in detaii in EP 0 277 216 B1 The preparation, purification and 
5 sequericing of these two parent «f-amylases is described in WO 95/26397 (see the 
Exp6rir?i8rJtef s©sjlion h^rgsn (vycf^ irifrs)]. 

The parent <r.amyiase having me ammo acid sequenca shown m SEQ ID No. 3 is 
obtalnabie from Sac/te BtmromBrnmpMaB and Is descrifoed In, aim, 
1 BactferlQl 16g (1906) pp. 635-643, 

ID The parent er-smyfasa having ihB Bmma acid sequence shown in SEQ ID No. 7 
(which is the same sequence as that numbered 4 in Fig 1) ss obtainabie from a 
"Baciiius sp. #707" and is described by Tsukamolo el al. in Siochem. Bioobys. Res. 
Commyini. 151 (19881 pp. 

Aparl from variants of the above-mentiioned parent «^amylases having the amsno 
15 acid sequences shown m SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3 and SEQ ID 
No. 7, respectively, other interesting variants according to the invention inciude 
variants of pmem s^-arT-ysases which have amino acid sequences exhibiting a hign 
degree of homology', such as at least 70% homology, preferabiy (as already 
indjcated) al least B0% homology, desuabiy at ieast 85% homology, and more 
20 preferably at least 90% homology, e.g. homology, with at least one of the 

latter four amino acid seciuanoes. 

As also alraady Indicated above, furttier criteria for identifyir^g a suitabie parent 
amylase are a) that the ^'-amylase displays an immunotegicai cross-reaction with 
an anlibody raised against an a-amylase having one of the amir>o add sequence.s 
25 shown sn SEQ ID No 1, SEQ jD No 2, SEQ 10 No. 3 and SEQ ID No 7. 
respectively, and/or b) that the ^-amylase is encoded by a ONA sequence which 
hybridizes with the same probe as a DMA sequence encoding an «f-amyiase hming 
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one of the amino add sequences shown in SEQ ID No. 1, SEQ !D No. 2, S£Q ID 
No. 3 and SEQ ID No. 7, respectively. 

As aiready mentioned, with regard to delerniination of the degree of homology of 
polypepttdes (such as enzymes), amino add sequaioe comparisons can be per* 
6 formed using known algorithms, such as the one described by Lipman and Pearson 
(19SS). 

Assays for immunological crDss-reactlvity may be carried out using an antibody 
rassed against, or reactive with, at least one epitope of the j?«smyiase having 
the am^f^o acid sequence shown in SEQ ID No 1, or of the u-amyiase having the 
10 amino add sequer>ce shown in SEQ ID Mo. 2, or of the sr-amylase haVmg the amsno 
acid sequence shown in SEQ ID No. 3, or of the ar-amylase having the amino acid 
sequence shown in SEQ ID No. 7. 

The antibody, which may either be monoclonal or po^clonal, may be produced by 
methods known in the art. e.g. as described by Hudson et al. (19S9). Examples of 
16 suitable assay techniques well known in the art i.^^clude Western Blotting and Radial 
Immunodifusion Assay e,g, as described by Hudson et al (1989) 

The oligonucleotide probe for use m the Identification of suitable parent s-amylases 
on the basis of probe hybridization Icriterion b) afoove| rrjay^ by way of example, 
suitably be prepared the basis of the full or paflial amtno acid secfuence of an 
20 0-smylsse having ojte of the sesiuer^ces shown in SEQ SD No, 1 , SEQ ID No. 2, 
SEQ ID No. 3 and SEQ ID No. 7, respectively, or on the basis of the full or partial 
nucleotide sequence corresponding thereto. 

Suitable conditions for terstsng iivb-'-dszation Involve presosking sn 5xSSC and prehy- 
bridizing for 1h at in a solution 20% formamide SxDenhardfs solution. 

75 50mM sodium phosphate, pH §,a and 5Qpg of defeatured sonicated calf thymus 
DNA, followed by hybridlsatlort in the same solution supplemented with 100^ ATP 
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for m at •<40«e, or amm otte melhecis clescflbecl b^.. e.g., Sambrook et al 
(1989). 

From the results obtamed by the present inventors It appears that changes m a 
s particular prop6rt>'\ e,g. thermal stabity or oxicSatbn stability, exhibited by a variant 
relative to the psrent «r-amyiase in question can to a considerable extent be 
correlated wl»i «ie typ© of, and positioning of, mutatjon(s) (amino add substltu^ons. 
deletions or Insertkms) in the variant It is to be und^fstood, however, that the 
observation that a particular mutation or pattern of mutations leads to changes In 
10 a gwen property in no way excludes the possibility that the mutation(s) in question 
can also influence other properlses- 

OMl a llonjIibiiit^: With respect to Increasing the oj<idation stability ol ar^ ^j-amylase 
variant relstive to Is parent cr-arr^ylase, it appears to be particularly desirable that 
at least one. and pngfarably mullifsfe. oselcjisable amir^o acid ressdue(s) of the parent 
15 fmmm b^h deleted or mmm (U. sijbsttifed by) a difemnt amino acid 
mmuB mm is less susceptible to ojeida^on than the origmal oxidizabte amino aci^^ 
fesidyev 

Partleylarly relevant oxldlzable amino acid residues in this oonneetion are 
cysteif^e. methionine, tryptophan and tyrosine. Thus, for example, in the case of 

f^^dues, or aubstitutloh hereof by less d)Hdl5Eabie arnino ackl ms^ will foe of 
irnportarice iri obtairiihs vari^tnts with Impmyed oxidiibn s^bifity relative to the 
parent €f~arhylase< 

In the case of the al)ove-mentioned pamni w-amylases havsng the amlr^o acid 
26 sequences shown In SEQ ID No 1 SEQ ID No 2 and S£Q ID No 7, respectively, 
all of which contain no cysteir^e residues but have a signifsoar^t methionine content, 
the deletion or substitution of methionine residues is partlcula.dy relevant wsth 
respect to achievsng improved oxidation stability of the resulting variants. Thus, 
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defetbn or sobsfitutbn [e-g, by threonine (T), or by om of the ofhar amino acids 
listed above) of one or more of tte methionine rssfdues in positions MB, M10, 
Ml OS. M202. M208, M261, ^382. M43D and P44D of the amino acid 

sequences shown in SEQ !D No 1 SEQ ID No. 2 and SEQ ID No. 7, and/or m 
5 position fw1323 of the amino acid sequence shown in SEO ID No, 2 (or deletion or 
sybstftiition of methionine residues in equivalent positions in the seqiyence of < 
another ©-amylase meeting on® of the ottier cfit^riB for a parent ^--amyiese 
mentfwed above) appmr to be paftlcularly sctlve with mspect to increassng the 
sxiJJaiioh st^lsillty. 

10 in the case of the parent «?~amviase havsng the amir^o acjd sequence shown Irs SEQ 
10 No. 3, relevant amino acid residues which may be deleted or substituted with a 
vsevs/ to improving the oxidation stability include the single cysteine residue (C363) 
and ~ by analogy with the sequences shown in SEQ ID No, 1 and SEQ ID No. 3 - 
the methionme residues located In positions MB, M8, M§6. M200< mm, M2m, 

IS ^307. M3ia andy438i 

In this csnnedion, the tsffti "sQuivslent pc^ltioji" denotes e position which, on the 
basis of an alignment of the amino acfd sequence of the parent ssf-amylase m 
questiOh with the "reference'' -amylase amino acsd sequence m question (for 
example the sequence shown in SEO ID Ho. 1) so as to achieve juxtaposstsoning 
SO of amino acid resldues/regions which are commson to both, corf^p<«ids most 
doseiy to (e.g. is occupied by the same amino add residue as) a particular position 

Particuiariy interesting mutations In connection with modification (improvement) of 

the oxidatson stability of the amylases having the amino acid sequences shown 
2S m SEQ ID No. 1. SEQ ID No, 2 and SEQ ID No. 7. respectively, are one or more 
of the following methionsr^e substitutions (or equivalents thereof m the amsno acid 
sequences of other ^y-amylases meeting the requirements of a patBnt i?-amyiase m 
the context of the Invention): M202A,R.N,D,Q.E,G,HJ,L.K,F,P,SJ.W.Y,V. 



Further reievanl mathionsne substflulions m the amino acid sequence shown in SEQ 
ID No. 2 are: y323A,aRD,Q.E.G.H.IX.K,F,P,S J,W,Y,V, 

Particufarly interesling mutations in connection with modification (rmprovement) of 
the oxidation stability of the €i~smyiase having the amino acid sequence shown in 
5 SEQ \D No, 3 are one or more of the foliovving metliionine siibstitutions: 
5wtaOOA,R,N,D.O.£.G,H.I.L.K.F.P,S,T,VV.Y,V. 
M311A,R,N.D,Q.E,G.HJ.L,K.F,P,S,T.W.Y,V; and 

Thermal stabNstv: Wltl'? respect to increasing the thermal stability of an c?~amyiase 
10 variant reiative to its parent ir^amylase. it appears to he partscularly desirable to 
delete at least one, and preferably two or even three, of the foilowing amino acid 
residues in the amino add sequence shown m SEQ 10 No. 1 (or their equlvatents). 
F180, R181. G182. T183, G184 and KISS. The corresponding . particularly relevant 
(and equivalent) amino add residues Sn the amino m4 sequences shown in SEQ 
16 ID No. 2, SEQ ID No. 3 and SEQ ID No. 7, respectlyely, are: F180. R181, G182, 
DISS, G184 and KISS (SEQ ID No- 2); FITS, R170. 0180. t181. G182 ar^d Kt83 
(SEQ ID No. 3); and F180, R1S1, Om. H183. 0184 and K1S5 (SEQ ID No. T). 

Particulariy intaresttng pairwise deletions of tnss type are as follows: 
R18r ^ G182*; and 1183* - G184* (SEQ ID No, 1); 
20 R181* ^ G182*; and D183* ^ G184* (SEQ ID No. 2); 
R17r + G1S0*; and 1181* + G182* (SEQ ID No. 3); and 
R1S1* * G182*; and HI S3* * G184* (SEQ ID No. 7). 

(or equivalent of these pairwise deletions in another «r-amylase meeting the 
requirements of a parent ^-arr^ylase in the context of the present invemion). 

2S Other mutations which appear to be of importance m connection with thermal 
stabiisty are subststutions of one or mcue of tiie amino 30sd residues from P260 to 
1275 in the sequence shown in SEQ ID No. 1 (or equivalents thereof in another 
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mmm m position ». 

Examples of specific mutations which appear to be of importance \n connection with 
the thermal stabHity of an «r~amytase variant relative to the pBtani ^-amylase in 
5 question are one or more of the following sut>stltutlons In tt^e amino add sequence 
shown in SEQ ID No. 1 (or eqysvatents thereof in another parent *r-amyi3sa In the 
context of the invention): K289R; P260E; R124P; MIOSF.I.LV; M208F W.Y; L217I; 

For the parent er-amyiasa having the amino acid sequence shown In SEQ ID No. 
10 2, Irnportanl further (aquiyalent) mytations are, corr^pondingly, one or niore of the 
^pljsmution^: 1^1 WXi,^^ MaQ8F.W,Y; 12171; V206l.i,F; and 

P^or tile parent af'^rtiyia$# having ths amhio add saquance shown In SEQ IB No. 
s, mpormm mmm lequjv^ient; mwations! #re, corresppnasr^iy, one Qf optn of tna 
syfestitutlons: y206r,W,Y; and IZni 

15 For the parent «f~amylsse hm'mg the amino acid sequence shown in S£0 ID No, 7, 
important further (equivalent) mutations are. correspondsngly one or more of the 
substitutions-, M10SFJ,ty; yaOSF.W.Y; L217I; and K269R. 

Stni further examples of inyta^ons \s^}oh appear to I2© of irnportance, mt®f mUb, in 
achieving improved thsrmai stabiNty of an <y-amylase variant relative to the parent 
20 0~amylaso m question are one or more of the foMowingi substitutions in the ar?iino 
acid sequences shown in SEQ ID No. 1, SEQ iO No. 2 and SEO ID No 7 (or 

equivalents thereof \n another parent s-amyfase in the context of the snventionr 
A354C * V479C; 1351C 4- y430C; N4S7aE + K386R; L365D.E M43DR,K, 
L35SD.E ^ 1411 R,K; and N4S7D.E. 

25 Ca^* dependency . With respect to achievsng decreased Ca^' dapendency of an 
«r*amyiase variant relative to fts pBtvent «f-amylase fi.e. with reaped to obtaining a 
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variant which exhibits satisfactory amyloiytic activity In the pmsence of a low^r 
concentration of calcium Ion in th® extrar^eous medsum than is necessary for the 
pBtmi enzyme, and which, for example, tliemfore is less sensitive than the pamni 
to calcium ion-depleting conditions such as those obtaining m media conlaining 
5 calcium-complexing agents (such as certain detergent builders)], it appears to be 
particularly desirable to incorporate one or more of the folbwh-g subslitutior^s in the 
amino acid saquanc^s shown in SEQ 10 Ho. 1, SEO ID No, 2 and SEQ ID No. 7 
(or an equivalent substltu^on in another parent sp-amylase in the context of the 
invention); Y243F. KIDSR, K178R. K239R. K269a D163M, DWBH, D192N. 

10 D109M. D205N, D207N. E19QQ, E194Q and Ml 060, 

In the case of the amino acfd sequence shown in SEQ ID Ho. 3> particularly 
d^sirabte substitutions appear, correspondingly (eqyivalently), to be one or more of 
tie foHowing; K107R, K177R. mZ7R> K240a 0162M. D186M, D190N, DmU, 

D2W D205N. xmru. mmi m^mma. 

15 As well as tha above-mentloRed replacemems of D residues with N residues, or of 
E residues with Q residues, other relevant substitutions in me context of reducing 
Ca^ dependency are replacement of the D and/or E residues in question with any 
other ernino acid festdue. 

Further substitutions which appear to be of importance sn the context of achieving 
20 reduced Ca*'' dependency are painvise substitutions of the amino acid fesidues 
present at positions 113 and 151, and positions 3S1 and 430. in the amino acid 
sequences shown In SEQ ID No. 1, SEQ ID No. 2 and SEO ID No. 7; and at; 
positions 112 and 150, and positions 349 and 428, in the amino add sequence 
shown in SEQ ID No. 3 (or equivalent paimflse substitutions m another parent a- 
25 amylase in the context of the invention), I.e. palnss/ise substitutions of the foiiowsng 
amino acid fesidues; 

G113 + N151 (in relation to SEQ ID No.1); A113 1151 (in relation to SEQ ID No. 
2 and SEQ iD No. 7); and Gil 2 USD (in relation to SEQ tO No, 3); and 
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L351 + M43D (In relation to S£Q ID No.1, SEQ ID No, 2 and SEO fD Ho. 7); and 
L349 + 1428 (in relation to SEQ ID No. 3). 

Particuiarly interesting pairwise substitutions of this type with respest to achieving 
dscr^ss6<i Ca^* d^pendsncy ar^ th^ followlrsg,' 

5 G113T * N1S1f (In relation to SEQ ID No.t): A113T + T1S1I (In relata to SEQ ID 
No. 2 and SEQ ID No. 7); and G112T + T1S0I (in relation to SEQ ID No. 3); and 

L351C M430C (in relation to SEQ ID No.1, SEQ ID No. 2 grid SEQ ID No. 7); and 

L340G * 14280 (In relation to SEQ ID No. 3). 

In connection with substitutions of relevance for Ca^* dependency, some other 
10 substitutions whidi appear to be of importance in stabilizing the enzyme 
conformation, and whidi it is contemplated may achieve this by, e.g., enhancing the 
strength of binding or retention of calcium ion at or within a caicium binding site 
within the jsr-amylolytic enzyme, are one or more of the following substitutions in the 
ammo add sequences shown In SEQ ID No. 1. SEO ID No. 2 and SEQ ID No. 7 
IS (or an ecjuivalsnt substitution in another parent «r^amylase in the context of the 
invention): G304W,F,Y.R,l,l,V,Q.N: G305A,S,N,O,Q,E.R.K; and H408Q,E. 

Corresponding (^uivalent) substitutions in the amino sold sequence shown in SEQ 
ID No. 3 are: G302W,F.y,R,l,L,V.Q.N; and G303A.S.N.D.Q,E.R.K, 

Further mutations which appear to be of importance in the context of achieving 
20 reduced Ca^ dependency are pairwise deletions of amino actds (i .e. deletion of two 

amino acids) at positions selected among R181, G182, T1S3 and G184 in the 
amino acid sequence shown m SEQ ID Nd.1 (or equivalent positions in the t^mlno 
acid sequence of another «f-amylass meeting the requirements of a parent &- 
amylase In the mniext of the invention). Such pBimmB deletions are thus the 
25 foitowlng: 
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Ri8r &m*\ ^ eieri H181* * nsr; * T103*; 

GISa* 4- 0184*; and I^ISr * 01S4* (SEQ iD Me, 1); 

RISr + G182*; 0183* G184*; RWr ^ D183*; 0182* + DISS*: 
G182* ^ G184*; and R181* + G184* (SEQ ID Ho. 2); 

S R17P* ^ ai80*; 1181* + G182*; B17r 1181*; Gia<3* + 1181*; 
GlSr>f 0182*; ansl BITr G1B2* tSEa iP Uo. n 

msr ^ G182*; H1$3* -s- 0184*; Rtsr + Ht83^; 0182* * HI S3*; 
G182* * G184*; Bm Riar G184* (SEQ IP Mo:?); 

(Qf equivatent$ of tbme pairwise detelions sn another ^-amylase msellfig the 
10 requirements of a parem «¥~amy!ase In the context of tlie pres^m invertlion), 

mm wmm pBrfommm, of an «^«mylss0 Is opttmsl wiesi the of tf>e 
mmm mm p^^^ medium) is eios^ ip the pi m\m fer iie ©^amylase in 
<|uestiofs. It wli! Itiys fefe d<@S!rsbl@, ^(vher^ approprisfe, to produce an 0~smy1as0 
16 vadaMltaving an i$oelsctfic point tp! value) which is better matched to the pH of 
a medium (such as a washing medfum) sn whteh the enzyme Is to be employed than 
the isoelectric; point 61 the parent ^-ajTiylase in ii^yestion> 

vvsm iwspeci lO o^Cieastng in© tsowssccnc poini, praT©rr©o rnuiatJons m in© afnino 
acid sequence s^owrt In SEQ ID Mo. 1 include one or mote of the toitowing 
20 substitutions: Q86E. R124P, E154D. T183D. V222E, P260E, R310A, Q34eE, 
Q391E, N437E. K444Q and R452H, Appropriate combinations of these substitutions 
in the context of decreasing tlie isoeiectric point inciude: Q381E ^ K444Q: and 
Q391E I^Q * 8154D. 

Correspondingiy, preferred mutations in the afYiino acid sequence shown m SEQ ID 
25 No. 3 With respect to decreasing the isoelectric point include or^e or more of the 
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rnhmmmum. Sim llim K22QE, FSSSE, RSOm, P344E, QSSSE and 

VMth respect to increasing the isoelectric point, preferred mutations in the amino 
acid sequence shown in SEQ ?D No. 2 include one or more of the foHowing 
5 sybstitutfcms: £860,1; D154S; D183TJ; £222V,K; 6280P; A310R; E346Q,P; 
E437N,S: and H4S2R. 

In the ExpafiiTsantal section feeldWj the constructipn of a number of vsrianfe 
9iccordln0 to the Invention Is ctescrlbed, 

sf-Amylase variants of the invexntion will apart fron^ having one or more improved 
10 properties as discsjssed above, preferably be such that they have a higher starch 
hydroiysis veScscity at icm substmte concentrations than the pmrmi jsf^amyiase. Alter- 
ratweiy, an <sf»an^ylase variant of the invesiitioiii prelefafely fee or^e which h^s a 
higher and/or a lower than the parent <r-amylase when tested under the 
sarfJB conditions. I n^e case of 3 hybrid sp^amyjasej "parent jOf^amylase'V to be 
15 used for the comparison should be the one of the constterst enzymes having the 
feest perforrnssnce, 

V«s, and (pararr^etefs of tiie Micliaelis-Meriten equation) may be determined fey 
well-known procedures^ 



m Severai methods for introducing mutations into gardes are known in the art. After a 
brief aiscussion of the cioning of ss-amyfase-encodlng DNA sequences, methods for 
generating mutations at spedfic sites within the ir-amyiase-encodsng sequence wiii 

be discussed. 

SMmJ-mAsaquence encoding m«M>m^ 
2S The DNA sequence encoding a pamnt <y-amyiase may be isolated from any cefi or 
microorganism produdng the iSf-amyiase in questior?, using various methods well 
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known m the art. RfSt< a genomic DMA and/or cDNA library should be constructed 
using chromosomal DNA or messenger RNA from the organism that produces the 
a-amylase to be studied. Then, if the amsno acid sequence of the ^-amylase is 
known, homoiogous, isbeNec ofigonucleotlde probes may be synthesized and used 
6 to identify «?-amylas6-encoding clones from a genomb Hbrar^' prepared from the 
organism in quostfon. Anematively, a labelled oligonucleotide probe conta?ning 
sequences homologous to a kn&m «r-amyjas& gene could be used as a probe to 
identify «f*amylass^ncoding clones, umng hybridisation and washing conditions of 
lovi#erstrin0ew 

10 Yet another metHod for Identifying ar^mylase-encodlng clones would involve 
inserting fragments of ger>omlc DMA into an expressffin v«^ctor. such as a plasmid, 
transforming a-amylase-negative bacteria with the resulting genomic DNA library, 
and then plating the transform^ bacteria onto agar containing a substrete for 
amylase, tbemby allowing oiores expr^ssini the ir-amylase to be identified. 

IS Atemallvely, the DNA sequence encoding ttie enzynie may be prepared 
synthetically by established standard methods, e.g. the phosphoamidlte method 

described by S.t. Beaticage and MM. Cartrtt^ers (1981) or the method described 
by yatlhes et al, 0984). in the phospboamidite method, oligonucleotides are syn- 
thesized, e.g, in an automatic DNA synthesiser, purified, ar^nealed. Isgated and 
20 cloned in appropriate vectors. 

rinaiiy, ?ne uiviA ss^^uenoe may qb of fBEseo geriomic ancs aynineifc ofrgin, ms3ceo 
synthetic and cDNA origin or mixed genomic and cDNA origin, pmpBm6 by ilgating 
fragrnents of synthello, genomic or cDNA or^ln (as appropriate, the fragments 
corresponding to various parts of the entire DNA sequence) in gcco?dance wsin 
25 standard techniques The DNA sequence may also be prepared by polymerase 
chasn reaction (PGR) us^noi sDec;fsc primers, for instance as descnbed m US 
4,633,202 or R.K. Saiki et ai. (1988). 
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Once an «r-amyiase-encoding ONA sequence has been Isolated, and desirable sites 
for mutation identified, rtiutations ftiBy be introduo8d ussng synth6t!0 
oligonucteotides. Tiiese oligonucleotides contain nucleotide sequences flanking the 
b desired mutation sites; mutant nucleotides are Inserted during olsgonucteotide 
syntteis. In a ^edfic method, a singfe-strandad gap of DHA, Mging the 
€r-3f?^y!3S®-eiric©dln9 sscfuenoe, ss cf sstsd In s vector carrying the ^j^amylas^ 9®ne. 
Then the synthetic nucleoids, bearing the desired mutation, is anneaied to a 
homologous portion of ths smgle-strartded DMA. The remaining gap is then fliied in 

10 with DNA polymerase I (Klenow fragment) and the construct is iigated using T4 
bgase A speciffc example of this method is described In yorlnsga el al, (1984) US 
4.76C.025 discloses the introduction of oligonucleotides encoding multiple fviutations 
by performing m'mor alterations of the cassette However, an even greater variely 
of mutations can be introduced at any one time by the Morinaga method, because 

IS a muititude of oKgonucieotides, of various lengths, can be intmdoced. 



Another method of intrcsducing mutationss into of-amyfase-encoding DNA sequences 
is described in Nelson and Long (1069). It invoives the 3-step generation of a PCR 
fragment containing the desired mutation introduced by using a chemically syn- 
thesized DNA strand as one of the pr;nK<rs --n sne PCR reactions From the PCFv- 
20 generated fragment, a DNA fragrrjent canning the mutation may be isolated by 
cjeavage wiin restncMon enoonucieases ano sretrjserteo into sn estpresston psasnito. 



Random mutagenesis is suitably p^rfeifmed either ss iocafeed or region^specific 
random mutagenesis in M least three parts of the gene trenslating to the amino ectd 
2$ setiuence shown In Quesfpn, or i^#hih whole gene. 

For region-specific rsndom mutagenesis with a view to improving the tt^errrial 
stability, the foiiowing codon positions, in particular, may appropriately be targetled 
(using one-ietter amino acid abbreviations and the numbering of the amino acid 
residues in the sefiruence in goestion); 
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In the amirto BM rngmm^ thmm m SEQ lOmj;: 

mm? ^wwmmmw 

m^7 « VAEFWKNDiOAIEN 

s In the amino mid sequence shown irL^EQJP Hp, 2: 
120-140 * VEyNPN^^RNQ©S0PYTIEAV¥ 

10 119-130 » VE^NPSDRNOEISGIYQIQAW 
176.1 8S « YKFRGIGKAW 
2S2"2?S ^ VGEYWSYDINKiHN 

tn Ihe amino ac!<j ;^yer)p^;^pwn Nc^. 7: 

12S.140 « \^VNP^If^RNQEWOml^^ 
IS 178-187 » YKmOHGKAW 
284^277 ^ VAEFWKNDLGAIEN 

wnti a View lo acliJ^¥lfsg reduced Ca^* <^apen<l©ncy, the following codon positions, 
ill p^rtlcMlsr, may appropriately be ^r§eted; 

20 17S-2D0 « YKFROTGKAWDWEVDTENGNYOYLMYADVDMD 
237-246 AVKHIKYSFT 

178-209 YKFRGDGKAWDWEVDSEMGNYDYLMYADVDMO 
237-246 ^ AVKHIKYSFT 



25 Mmamiop^cii.§esue,n.ce 
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wm a view to achieving improved bsndsng of a substrate i\ e. improved bmd'mg of 
a carbohydrate spades - such as amySose or amylopactlft ~ which is a substrate for 
s «?-aniytolyt!c ©niEymes) by an <?-amylas0 variant, modifiigd ^0,g. hl9her) substrate 

(hydrolysis) of substratBi It app^^?^ thst th© following codon positions for th© airsino 
add sequence shown in SEQ fP Mo, 1 (or equlvale?it codon positions for another 
psfont af-^i?iyi8s& in the context of th© invention) rtiay particularly appropriately be 
10 tsr^e^ed' 

In the amino acid segyenoe shown in SEq ID No, t: 
15>^20 « WYIPND 
52m ~ BQHOVBf 
72-78 - KGT\^TK 
IS 104-111 ^VMMHKGGA 
165-174 « TDWDQSRQtO 
194-204 ENGNYDYiyYA 
234-240 RIOAVKH 
332-340 ^ HDSQPGEAL 

20 The random mutagenesis of s DMA seefiience enooding a parent «f-amylase to be 
peTformad in accordafjce with step a) of the above-dlescfibed method of tfie 
ir^vantion may conveniently he perfciiMed by use of sny ntethod known In the art. 
For instance, the random mutagenesis may be performed by use of a suitable 
physical or chemical mutagenizsng agent, by use of a suitable oNgonudeotide, or 

26 by subjecting the DNA sequence to FCR generated mutagenesis. Furthermore, the 
random mutaganesss may be performed by use of any combination of these 
mutagenizing agents. 
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The mutageni^fng Bgmt may, e.g., be one which induces transitions, transvsrsions, 
inversjons, scrsFntellng, dstetionSj snd/or isisertsonSi 

Examples of a physical or chemlcai mutagewzing agent suitable for the present 
purpose include um-aviofet (UV) Irradiation, iiydroxylamlne, N-methyi'^N -nitfO-N- 
5 nitrosoguan^dir^e (yNNG), 0~methyl hydroxylamina, nitroiis acid, ethyl methane 
sulphonate (EMS), sodium bisulphite, formie add, and nucleotide analogues. 

When such agents are used, the mutagenesis is typicaHy performed by incubating 

the DNA sequence encoding the parent enjjyme to be mutagenlzed in me presence 
of the mutagenizsng agent of choice under suitable conditions for the mutaoenesis 
10 to tske place, and selecting for mutated DNA having the desired properties. 

When the nrjutagenesis is peifonmed by the use of an oligonucleotide, the 
oligonucleotide may be doped or spiked with the three non-parent nucleotides 
during the synthesis of the oligonucleotide at the posltfOfJS which are to be changed. 
The doping or spiking may be done so that codons for unwanted amino acids are 
1$ avoided. The doped or spiked oligonucleotide can be incorporated into the ONA 
encoding tlie amyloiytfc enzyme by any pubiistied techt^sque, using e.g. PCR, ICR 
tor any DMA polymefase and llgase. 

When PCR^generated mutagenesis is used 8ith6r a chemicsily treated or non- 
treated 9^ne encoding a parent cf'-amylase enzyme Is subiected to PGR under 
20 conditions that Iji^crease the misincosporatiosi of nucleotides {Desbler 1992; Leung 
et af.. Technsque, Vol.1, 1989, pp. 11^15), 

A mutator strain of £ coH {Fooler et al.. Moiec. Gen. Genet., 133. 1974, pp 17S- 
191), S. cemv-fseae or any other microbial organism may be used for the random 
mutagenesis of the DNA encoding the amylolyiic en2:yme by e.g transformsng a 
26 plasnr55d corjtaining the parent enzyme into the mutator suain. growing the nujtator 
stram with the plasmid and isolating the muWed piasmid from the mutator strain. 



•pcmmmmm 



27 

jtm miMtM pImmM may §ufei^6qyentl!i? Ija trsnsfarrHSid into th^ ^jscpresision 



The DNA sequenc^f to be mutagenjzed nv=3y conveniently ba present in a genomic 
Of cDNA library prepared from an organism expressing the parent amyiolytic 

5 mzytm. Alternatively, the DNA sequence may be present on a suitable vector such 
as a plasmld or a bacteriophage, which as such may be Incubated with or otherwise 
exposed to the mutageni^mg agent The DNA to be mutagenszed may also be 
present in a host cell either by being integrated In the genome of said cei! or by 
being present on a vector harboured in the ceil. Finsllyt the DNA to be mutaoensEed 

10 may be in Isolated form. It wiil be understood that the DNA sequence to be 
subjected to random mutagenesis is preferably a cONA or a genomic DNA 



in some cases it may fee conveniefit to amplify the mutated DNA secfuence prior to 
the expression step (b) or the screening step (c) being performed. Such 
16 amplification may be performed in accordance with methods known in the art, the 

presently preferred method being PCR-generated aniplitlcation using ollgonucteotide 
primers prepared on the basis of the DNA or amsno acid sequence of the pamni 



Subseciuent to the incubatfon with or exposure to the mytagentzMg agent, m 
20 mutated DNA is expressed by culturing a suitable host cell carrying the DNA 

sec^yence under conditions allowing expreMion to take piece. The host cell used 
for this purpose may be one which has been transfonned with the mutated DNA 

sequence, optionally present on a vector, or one which was carried the DMA 
sequence encoding the parent enzyme dursng the mutagenesis treatment. Examples 
26 Of suitable host ceiis are the foNowing- gramposltlve bacteria such as 8acfe 
subiiiis. Bacilius iichemfomiis, BacfUm iBntus. Bacilius bmvsS: Bacillus 
steammemiopMus. BacHim alkaiopMus, BBciihs smyhHqtsBfacmrts, Bacillus 
coagvlans. Bamlim c'imulBm, B&dHus iautas, Baciilus megatefiam, Bacillus 
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bacteria such as 

The mutated DNA sequence may fuilher comprise a DNA sequence ancodir^g 
functions permitting expression of the mutated DNA sequence, 

5 Log jlked rimJam rr^utaijen^sis: the mMam mutagenesis may advantageowsiy be 
localized to g part of Uie parent a-amyiase isii C|uestion. This may. e,g.> be 
Bdvantegeous whsn certain rBgions of tlie have bsen identified to be of 

particular importance for a given property of the enxyme, and when modified are 
expected to result m a variant having improved propertses. Such regions may 
10 normally m identified when the tertiary structure of the pamni en2?/me has been 
elucidated artd related to the function of the er^zyme. 

The tolfeed rartdom mutageneslg i$ cdrtvenierttiy performed by use of PCR- 
generated mutagenesis techdlQuee a$ des^bed alsdve dr any olher suitable 
techniciue knowfi In the art 

IS AHernatsveiyy the BHh sesfueiice encoding the part of the DMA sequence to he 
mddiied rn#M isolated, e g. by beir^g lmBfte4 into a sultatAe vector, and said pari 
may iubsequemty be siibjected to mutagenesis l?y use of any of the mutagenesis 

^*^|t) !5especl to the screening sh the above-merjtidned method of the inverjion, 
20 thss may conveniently p^rfonrted by use of ate assay based on the following 
prinapier 

A microorganism capable of expressing the mutated amyioiytic enzyme of interest 
is Incubated on a sustabie medium and under suitable conditions tor the enzyme to 
be secreted, the medium basng provided with a double fflter comprising a first 
2$ proteir^^binding filter and on top of that a second filter exhibiting a low protein 
binding capability. The microorganism is located on the second filter. Subsequent 
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to the incubation, the first fjlter compHssng enzymes secreted from the 
mscroorsanssms separated from the second filter comprising the microorganisms 
The first filter is sub|ected to scraaning for the desired enzymatic activity and the 
coirespondin^ Rfiicrofeisl ©sloniss pfBs^nt on the ssoond filter sfe identified. 

5 The filter used for landing the enaymatic activity may be any protein bmd'm^ Ulter 
e,g, nylon or nitroc^lulose. The topfiller canying the colonies of the expression 
os^anisiB may be any filter that has no or low affinity for binding pfoteiris e.g. 
cellulose acetate or Durapore^. The filter may be pretreated with any of the 
conditions to be used for screening or may be treated during the detection of 

10 enzyimatic ac^vity. 

The enEyrr^atic activity may be detected by a dye, flourescence, precipitation, pH 
Indicstbr. m-absofl>anoa Of any other known technique for detedion of enzymatic 



The detecting compound may be immobized by any immobiltzing agent e.g. 
15 agarose, agar, gelatine, polyaerylamsde, starch, filter paper, doth; or any 

combination of smmofeilszin§ agents. 

^-Amylase activity is detected by C«bacron Red labelled amyiopectin. which is 
immobilized on agarose. For screening for variants with increased thermal and high- 
pH stability, the filter with bound ©-amylase variants Is incubated in a buffer at pH 

20 10.5 and 60** or 65"^C for a spedfled time, rinsed briefly In deionized water and 
placed on the amyiopectln-agarose matrix for activity detection. Residual activity is 
seen as lysis of Clbacron Red by amylopectin degradation. The cortditions are 
chosen to foe such that activity due to the «?-amylase having the amino add 
sequence shown ir^ SEQ ID No.1 can barely be detected. StabHized variants show, 

25 under the same conditions. Increased colour Intensity due to Increased liberation of 
Cijacron Red. 



30 

For screening for variants with an activity optimum st a lower temperature and/or 
over a broader temperature rar^ge, the filter with bour^d variar^ts is placed directly 
on the arnyiopeclin>Cibacron Red substrate plate and incubated at the desired 
temperature (e.g 4*'C. 10«C or 30«C) for a specified time After ii^is time activity 
g due to the 0-amyiase having the amino acsd sequsnce shown sn SEQ ID No 1 can 
bareiy be detected, whereas variants with optimum activity at a lowef temperature 
will show increase anriyiopecliri ly&is. Prior to incubation onto the amyiopectin 
matrix, Incubato in all kinds of desired media - e.g. solutions containing Ca=^\ 
detergents, EDTA or other relevant additives - can be carrted out in order to screen 
10 for changed dependency or for feadion of the variants In question wHh $uch 

Mtib.o«s...ofjmiaanahi^^^ 

As an alternative to siie-specifsc mutagen&ms. «?»amyisse variants which are hybrids 
of at least two constituent sf-anvylases may be prepared by combining the reievant 
15 parts of tne respective genes in question. 

Naturally occurring eniKymes may tm genetically modified by random or site directed 
mutagenesis as described above. Alternatively, part of one enzyme may be 
replaced by a part Of ar^o^er to obtasn a chimeric enzyme. This repiacenient can 
be act^tieved either by conventional m vitro gene splicing techniques or by ni v;vo 

20 recombsnaticn or by combinations of both teohnsques. When using conventionai in 
vitro gene splicing techniques, a desired portion of the cr-amyiase gene oodsng 
sec|ueoGe may De oeieiee ustng ^pprepriaie siie^specHjc resxrfciion enzyrnes, me 
deleted portion of the coding sequence may then be fsepiaced by the insertion of a 
desired portion of a different iy>amyla$e coding sequence so that a chimeric 

25 nucleotide sequence encoding a new «-amyiase is produced. Alternatively, a- 
amylase genes may be fused, e.g. by use of the PGR overlay extension method 
described by Higuchi et al 1888. 

The m %nvo recombinate tediniques depend on the fact that different DNA 
segments with highly homologous regsons {identity of DNA sequence) may 
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recombme, i.e. break and exchange DNA, and establish new bonds in the 
homologous regions. Accordingly, whan the coding sequences for two different but 
homo}o0ous amylase enzymes are used to transform a host cell, recombination of 
hofT^ologous sequences in viva will result m the production of chimeric gene 
& se<^uences. Translation of these coding sequences by the host cell will result in pro- 
duclson of a cUmmc amylase product. Specific m mo recombination 
techniques are described in US 5.083,257 and BP 252 666. 

Alternatively, the hybnd enxyme may be synthesized by standard chemical methods 
known m the srt- For example, see Hynksplller eta!. (1984), Accordingly, p^pme^ 
ID having the appropriate amsno add sequenses may be synthesized in whole or m 
part and joined to form hybrid mzytt^ (variants) of the invention. 



According to the invention, a mutated ef^amyiase-encoding DNA sequence produced 
by methods descnbed above, or hy any alternative methods known In the art, can 
15 be expressed, in enxyme fomi. using an expression vector which typically Includes 
control sequences encoding a promoter, operator, ribosome binding sste. trsnsiation 
initiation signal, and, optionally, a repressor gene or various activator series. 

The recombir^snl expression vector carrying the DUA sequence encoding an 
«?-amylase variant of tie invention may be any vector which may conveniently be 

20 subjected to recombinant DNA procedures, and the choice of vector will often 
depend on the host cell into which it is to be introduced. Thus, the vector may be 
en autonomously replicating vector, i.e, a vector which exists as an extrachrortio- 
somal entity, the repScation of which is independent of chromosomal replication, 
e.g. a plasmid, a bc^cieriophage or m\ e.xtrachroniosomal element, minlcnromosome 

25 or an arlificla! chromosome. ASernatively, the vector may be one vvlisch, when intro- 
duced into a host cell, is Integrated into the host ceil genome and replicated 
togetber the chfomosomeCs) Ir^to which l has been integrated. 
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\n the vector, the DNA sequence should fee operably connected to a suitaoie 
promoter sequence. The promoter may foe any DNA sequence which shows 
transcnpiionai activity in the host ceN of chosce and may be derived from genes 
encoding proteins orther homologous or hoterologous to the host cefl Examptes of 
f> sultat)^e promoters fof dwBctmg the transcnptlon of tfia ONA sequence encoding an 
^f-amyiase variant of the invention, especially in a bacterial host, are the promoter 
of the iac operon of Eco//. the Stmptomyoes cmiicoior agarase gene dagA 
promoters, the promoters of the BBOiiius ifchBmformm ©-amylase gene (amyL), the 
promoters of the Bad!iuBSt0ammnnQphiiu§ maltogenic amylase gene iamyM}, the 

10 promoters of the Bacte Am^Hqmmcmm a-amylase (amyQ), the promoters of 
the Bacillus subtiiis xylA and xylB genes etc. For transcription in a fur^gal host, 
examples of useful promote?-s are those derived from the §ene encoding A. ory^ae 
TAKA amylase, Rhkomucor mi&hei aspartic proteinase, A, niger neutrai a-amyiase. 
A, nigerBciH stable «f~amyiase, A. mger glucoamyiase. /?/?/^omc/caf m/ete' lipase, 

i$ A, oryiB& aikafine protease. A. orys^&B Mom phosphate isomeras® or A. niduians 



The expression vector of the invention may also comprise a suitable transcription 
terminator and. In eukaryotes. polyadenylation sequences operebly connected to ths 
DNA sequer>ce encoding the a~amyiase variant of the invention. Termination and 
20 polyadenyiation sequences may suitably be derived from the same sources as the 
pfornotar. 

The vector may further comprise a DNA sequence enabling ttie vector to replicate 
in the host cell in question. Bcampies of such sequences are the origins of repli- 
cation of plasmids pUC19. pACYC177, pUSIIO. pE194, pAMBi and plJ702. 

25 The vector may also comprise a selectabie marker, e.g. a gene the product of which 
complements a defect in the host cell, such as the dai genes from S. subtiHs or B 
iichenifomrfs, or one which confers antibiotic resistance such as ampiciilin, 
kanamycini chloramphenicof or tetracyclin resistance. Furthermore, the vector may 
comprise Aspargteselectfon markers such as amdS, argB, niaD and sC, a marker 
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piving rise M liygfomydn r^s^laftea, or tlie satectJori may feg afijosmplished fey C0<- 
trafisformatlon. e.g. m 4mmb^ in WO 91/17243. 

u^ng eertsiii mmm m test g^lis, it i$ generalisf preftermd that tl^e ©xpressw Is 

vsfisnt snd contsi^InQ thss prornotsf, tsrfBlnator and other ^isftients, f6Sp©ctiv6iy, 
are well known to persons skilled In the art fcf,, for instance. Sambfook et al, 

10 The cell of the Invention, either comprising a DNA construct or an expression vector 
of the as defined above, is advantageously used as a host ceii in the 

recombinant produetton of m shmnfkm variant of the invention- The celi may be 
transformed with the DMA constnici of the invention en{XKifn9 the variant, conveni- 
ently by integrating the ONA constmcl (in one or more copies) in the host chromo- 

■IS some. Thts integration is generally considered to be an advantage as the DMA 
sequence Is more iil<ely to be stably maintained m the cell, integration of the DMA 
constructs mto the host chromovsome may be performed according to conventional 
methods, e.g. by homoloQous or heterologous recornbination. Alternatively, the ceil 
may be tFansformed with an expresaton veotor as desorlPed above sr* connection 

20 with the different types of host cells. 

The ceil of the Invention may be a cell of a higher organism such as a mammal or 
an insect, but is preferably a microbial cell, e.g, a badeha! or a fungal {inciudlng 
yeast) cell 

Examples of suitable fcacterla are gramposstsve bacteria such as Badlhs subtim. 
25 Bacillm Ihhmifarmis, Baciilu$ Mas, Badilus bmvm, BaclHus stearoihermoph^lus.. 
BBSiHus maiophilm, Baote myio^iquBfacmns, BadKus coBguians, BBdlius 
drcuiBfis, B&dHus iautus. BadiiuB m&gatetium, Bacilius thuiingmnsis, or 
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EmoH The tfansformation of the bacteria may, for instarme, be effected by 
protoplast transformation or by unmg competent cells in a manner known per se 

The yeast organism may favourably be seieded from a species of SacchBramyces 
5 or SchizosaccharGmyc&s. e.g. Sacciiammyces cerevmae The fsianientous fungus 
may advantageously belong to a species of Asp^fgii^m, e.g. Aspergillus OfyzB& or 
ABp&f^illus ni§0r. Fungal o©lis rnay be transfenrn^d by a process involving proto- 
plast fermstlon and tfsnsfofmatli^ of tha protoplasts foltowsd by r®9<©n®fation of th© 
ceil wali in a rpanner kncaivfi p&r se. A sultabl© procadure for tfansfontiation of 
10 AspBrwiHm host calis is described In EP 230 023. 

In a yet furtiiar aspect, the preser^t invention relates to a method of producing an 
»-amylas6 var^nt of tba Irivervtion, which fne^od comprises cultivstlng a host cell 
as dasofibed abova uFKi^T'^Jonditioinis conducive to the production of tb© variant and 
recovering ths variafit fronii the calls and/or cutofemadiurn. 

IS The medium used to cultivate the ceils may be any conventional medium suitable 
for growing the host cell ir> question and obtaining expression of the iy~amylase 
vanant t^-e tmevhan Suitable media are available from commercial supphers or 
may be prepared according to published recipes (e.g. as dascnbsd m catalogues 
of the American Type Culture Coliectloni 

20 The «!f-amylase variant secreted from the host cells may conveniently be recovered 
from the cultura medium by weli^known procedures* tncfudiog separating the colls 
from the medium by cer>lrifugation or filtration, and precipitating proteinaceous 

components of the. medium by means of a salt such as ammonium sulphate 
foiiowed by the use of chromatographic procedures such as \on exchange 
25 Chromatography, a^snlty chromatography, or the like. 



Owing to their activity a! alkaline pH vaiues- a-amyiase variants of the irwention are 
weW suited for use in a variety of industrial processes. In parlScuter, they find 
potential applications as a component sr^ vvasnsng, dishwashing and nard surface 
5 Gieaning dstergenl compositions i¥ide mfra), but may also tJe useful in the 
pfodiiC^Di^ iOf sw®6t©ri®fs srtd Mhsnol ft'Offi starch. Oondillorts fef oonvsntional 

described in, for instance. US 3.912.590. EP 252,730 and BP 63.909. 

Some areas of application of *3^amylase variants of the invention are outlined beiow- 

'•^ £i^MM#JSLiggl.^fiii&Si' ^-Amyfsse variants of the invention possess properties 
of vaiue in the production of lignoceJIuiosic materlais, such as putp, paper and 
paroMv<»rc!) HQrn stsrcrvrefnTorc^Ci w@sie papsr an« wssie s^roDOanSi especiaiiy 
whBm reputing occsurs at a pH above ?, artd whert amylases can facilitate the 
disintegration of the waste matgiial through d^radatlon of tha reinforcing smch, 

15 i?»Arnytese variants of the inventiort ars wefl suited for use if> the deinking/recycNng 
processes of making paper out of starch-coaled or starch-containing waste printed 
paper. It is usually desirabie to remove the printing ink m order to produce new 
paper of high brightness, examples of how the variants of the invention may be 
used in this way are described In PCT/DK94/O0437. 

ao ©-Amylase variants of the Invention may also be very useful in modifying starch 
Vi^here enzymaticaily modified starch Is used in papermaking together with alf<aline 
filiets such as oalciliim caifeonale, kaolin and clays. V\^th alkaline af-ainftylase yanants 
of the iovBfitioh It is feasible to modily the starch iri the prsgsence of the filler, ihiis 
allowing for a simpler, Inlegratad process. 

2'i I§.xtjje.djsiZ!ng £?-Amyiase variants of the invention are also well suited for use sn 
textile desizlng. In the textile processing industry, «f-amylases are tradilior^aily used 
as auxiliaries in the desizing process to facPltate the removal of starch-containing 
si2:e which has served as a protective coating on weft yarns 6umg weaving. 



m 



Complete removal of the size coating ater weaving is impoftsnt to ensure optimum 
resuSts sn subsequent processes in which the fabric is sooured, bleached and dyed. 
Enzymatic starch degradation ^ preferred because rl does not iiarm the fibres of 
the textile or feferiCi 



5 In order to reduce processing costs and increase mili throughput, the desizing 
processing is soirsetifnes combined with the scotiring and bleach !f^§ steps In such 
oases, non^ensyftiatic auxiliaries such as alkali or oxitSatlon agents are typiealiy 
used to bfwak down tliie starch, because tradltiofjaf <r~aniylas^es are not very 
cornpatible wstb high pH levels and bfeachtng agents. The non-er^syrtiatic 
10 breakdown of the starch size does lead to same fibre damage because of the rather 
aggressive chemicals used. 



«f-Amylase variants of the invention exhibiting improved starch-degrading 
performance at relatively high pH levels and in the presence of oxidizing (bleaching) 
agents are thus well suited for use in desliring processes as described above, in 
IS parliciflar for replacement of non-anzymatic destzing agents currently used. The &~ 
amylase variant may be used alone, or In coinblnation with a celiulase when 
desiring celluloses-containing ^bric or textile. 



Beer.prMy.ction; <s-,Amylase variants of the invention are also believed to be very 
useful in beer-making processes; in such processes the variants will typicaliy be 
20 added during the mashing process. 



Owing to the Improved washing and/or dishwashing performance 
which will often be a consequence of improvements in properties as dsscussed 
above, numerous <?-amyiase varsants (Induding hybrids) of the invention are particu- 
25 lariy weli suited for incorporaticn into detergent cDmpositions, e.g. detergent 
compositions intended for performance in the pH range of 7-1 3< partscuiarlv the pH 
range of 8-11. According to the invention, the «r-amylase variant may he added as 
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a eompsneni of a detergent compositien. A# saclii, it m^y fee srtqIydM in 
cl€si®fsent SQmp0sta In fers ferm of a detergent additive. 

Thus, a further aspect of th« snvaMion miatas to a detergent addltlva comprising an 
«r~amylas^ vaoaM acoordmg to m mmmm. The enzyn^es may be included in a 

mn formutatad, a.g.. as ,a granulate. Ik|uid, siurry, eta Preferred @na:yme 
formylations lor detei^ent additives sire g^®'^''^^®^®® particular fion~du§t!n§ 
10 granuiates), ll«|ykls (in particular staibitixed 8c|iitds), slurnes ot prtstected entymes 

(vfde mfm)- 

The detergent composition ais weli as the detergent additive may additionally 
csomsfiss one dr more ether enzvmsis cointverit^ortalfv used in deterdents> such as 

15 oeilutesss. 

It has been found that substantial improvements in washing and/or dishwashing 
performance may be obtained when «?-amylase is combined wstl^ another amytolytic 
enzyme, mch m a pullulanase, an iso-amylase. a feeta-amylase. an 
arnyloglMOOSidase or a CT0ase, Examples of coiT>rrfafclal|y available amylQiytic 
28 eni^as syllable for the given purpose; m&JmP^, Noyamyl^ and Pmmozyme^. 
a!t 0f whieli availabla lrdm Novo NordlsK A/S. Bagsvaerd, Denmark. Accordingly, a 
partioylaf embodiment of the memm relates to a detergent additive oomprising an 
^^amylase variaht of the Inv cdmbinati?^ with at feaat one other arnyldlytic 

enzyme (e.g. ohosen amongst those mentioned above^ 

m Non-dustjr^g granulates may be produoeM, e.g.. as disclosed in US 4/1 0B,9S1 and 
US 4,861,452, and may optionally be coated by methods i<nowri In the art; further 
details concerning coatings are given below. When a combination of different 
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dster^^nt ©nsyrn^s is to sniployBd, thB snsyrnss nisiy be fT>ix©d bsfof© or Bft&t 

Liquid enzyme preparations may. for instance, be stabiNzed by adding a polyoi such 
as propylene glycol, a sugar or sugar alcohol, tectjc add or boric add accordsng to 
5 establfshed methods. Other enzyme stabilizers are well Known In the art. Protected 
enzymes may b® prepared according to the method disclosed in EP 238 216. 

As already ifidisat^, a stifl fufthep sspsot of the itivesntion r©!at6^s to a dBlerge^nt 
cofJiposltlon, e.g. for laundfy washing, for dishwashing or for hafd-surface cleaning, 
comprising an «-smylase variant (includling hybrid) of the invention^ and a 
10 suffactant 

The detergent composition of the Inventbn may be in any conveni^rit ferm, e.g. as 
pDvsffler, granules or \^um. A t^u^ d^iargent may be aqMeous, lyprcally contamiiii 
up to m% i3f water and 0-20% csf organfe solvent, or non*a<|uepys, e g, as 

1S DetergeritCorn^osi!^^ 

When an sj-aniyiase ve^riant of the inventson is employed as a component of a 
detergent composition {e.g. a laundry washing detergent composition, or a 
dishwashing determent composition), it may, for example, be included in the 
detergent composition in ttie form of a non-dustsng granulate, a stabilized lic|UJd, or 

20 a pfotS(Cted enzyme; As mentioned above, non^dysting granulates tnay be 
produced, e.g.. as disdosad m US 4,106 J91 and 4,661,452 (botH to Novo Industh 
,A/S) and nr^ay optionally be coated by methods knovs^n m the art. Examples of waxy 
coating materials are polyCethytene oxidei products {polyethyleneglycol, PEG) with 
mean molecular weights of 10D0 to 20000, ethoxylated nonyiphenols havsng from 

25 16 to 50 ethylene oxide units; ethoxylated fatty alcohols m which the alcohol 
contains from 12 to 20 carbon atoms and in which there are 15 to 80 emblem ox;de 
units; fatty alcohols; fatty adds; and mono- and ds- and trlglycendes of fatty adds. 
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Examples el fiim4ofrni^g coatirig maMrlaSs fyltabte for applioatsofj tey fluid bM 

Enzymes added In tHe form of liquid enxyme preparations may, as indicatad abov«, 
fee staMllmd by, b.q., thm mMm of a pol^ such as propylene flycol. a sygar or 
$ sygar atehol, lactio aey or baric add a«c«f#ng es^fellsh^d methods, ©th«r 

Protected enzymes for irielusbf^ in g detergeiit composition of the invention may be 
prepared, as mentbned above, aceordsng tothe methocl disclosed ?n EP 238,216. 

The detergent composition of the invention may be in ar^y convenient form, e.g. as 
10 powder, granules, pasta or iiqytd- A liquid detergant may fee aqueous, typicaily mn- 
laining up m 7m water and 0-30% mm solvent or nonac|yeoys. 

The deteffent compositbn compri^^^ each csf which may 

be anionfe, ncmionfc, oatioriic, or ^ph@^^ 

contain 0-50% of anionic surfactant sych as linear aii<ylben2:enesulfonate (LAS), 
1$ alpha~otef?nsulfonate (AOS), alkyi sulfate (fatty alcohol sulfate) (AS), alcohol 
etho)cysulfate (AEDS or AES), secondary alkanesu^fonstes (SAS). alpha-sulfo fatty 
acid methyl enters, alkyi- or altenyl#uoeinte acid, or soap. It may also contain 0-40% 
6f nonssiiic aurfsctaiit suchi as al!^ orAE), al<xjjlpi propoxyiate, 

carboxylated alcohol athexyi^tes, nonylphenol ethossylate, alkylpoiyilycoside, 
£0 afi<pin«ylamihe okide, athoxylated My add nidnoelhanoiamide, fatty mM 
mdno0lhandfaml<^e, or poiyhy^rp% aikyl fatty aci^ amide (e.g. as described iir IM) 

mmmi 

The detergent compositson may additionally compnse or^e or rrsore other enzymes, 
such as pullulanase, esterase, lipase, cutinase, protease, calluiase, peroxidase, or 
26 oxidase, e.g., laccase. 
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Normaliy the deterged contains 1-65% of a detergent builder (although soma 
dfshwashtng detergents may contam even up to 90% of a detergent burner) or com- 
plexing agent such as zeolite, diphosphate, triphosphate, phosphonate, citrate, 
mtrilotnacetic acid mJAi ethylened^aminetetmaoetfe add (EOTA), diethyten«tfi» 
s aminepentaacetsc acid (DTMPA), afkyf^ or alkenylsyccinic add. soluble sicates or 
layered sriicates {e.g. SKS-6 from Hoechst). 

Tlie Urgent builders mm ^ subdivided mto ptiospnorys-contaming and non- 
phosphOfoys-GQSitamfhg types. Examples of phosphorus-contasnJng inorganic 
aMBlIm detergent buildem inc-?ude the watef-soluble salts, ospecially alkali meta! 
K) pyrophosphates, ortfiophosphates, polyphosphates ar^d phosphonales. Examples 
of non-phoaphorys-contaimng sr^organis builders mm& wMm^smm aM metal 
carhonalBt, borates and mmm. m well as layered and tie varioos 

types c^waleNnsolybN?<sr^ 
er® ine pest Known Fepresentafeves. 

is Samples of sisitabte or9a?ifcbuj^^^^ 

mmmmm salts of succinates, malonates. fatly acid malonatos, fatty acid 
sulplisnates, carboxymetfeOKy succmstes, polyacetates. ^arboKylalss, pplycar- 
boxylatet, am}nop<5lyG8ffoo>e^alss and polyacetyl carboxylates. 

The d^mgertt may also be unbuilt la. essentially free of detergent builder. 

20 The detergent may comprise one or more polymers. Examples are 
caitoxymethylcenulose (CMC: typically m the form of the sodium salt), polyivinyi- 
pynrotidonei (PVP). polyethyienegiycol (PEG), poly(vmy1 alcohol) (PVA), poiy- 
carboxylates such as poiyacryiates. polymalaates, malelc/acfyftc acid copolymers 
and lauryl methacr^late/acryltc acid copolymers. 

£5 The detergent composition may contain bleaotiing agen^ of the chlorsne/bromine- 
type or the ox7gen-type. The bleachir^g agents may be coated or encapsulated. 
Examples of Inorganic chlorine/bromlne4ype bleaches are lithium, sodium or 
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cslcitifti tiypoohloot© or hypobrojnll© well chksrinatod trisodlum phosphate. 
The bleaching system may also compme a Hp^ source such as perborate or 
percarbonate which may be oomljined with a peradd-forming bleach activator such 
as tetfsacetylethylenedlamine {TAED) or monanoyioxybenxenesulfonata (MOBS). 

§ Exarfipies of organsc chtonne/bromme-type bleaches me hetefocyciic N-bromo and 
H-chioro Imides such as trichloroisocyanuno. tribromotsccyanuric. 
dibroittaisocyaniinc and dlchloFossoeyanuno ackSs, and salts thereof with water 
solubiii^ing cations such as potassium and sodium. Hydarttoin compounds are also 
surtablei Ths feieachsfig s^fstem may also coniprise p^foxyaclds of, the amide, 
1Q Emidai or sullbne type. 

dishwashing detergents the oxygen bleaches am preferred, for example ;n the 
form of an snorganlc persall, preferably with a bleach pracursor or as a peroxy acid 
compound. Typical exsmpfes of suitable peroxy bleach compounds are alkali metal 
perborates, both tetrahydrates and monohydrates, alkali metal percarbonates. 
15 persioatas and perphosphatas, Pmferred activator materials are TAEO or NOBS, 

The efi2:ymes of the detergent composition of the Ir^vention may be stabilized using 
conventsonai stabilizing agents, e g a posycl such as propylene glycol or glycero:, 
a sugar or sugar alcohol, lactic acid, boric acid, or a boric acid derivative sucti as. 
e.g., ar> aromatic bomt<& ester, and the composition may be formulated as described 
20 in, e.g., WO 02/10709 and WO 92/18708. The enzymes of the Invention may also 
be stabilized by adding rever^ble m^me inhibitors, of the protein type (as 
described m EP 0 544 77T B1) or the bomnlc acid type. 

The cieiergent may also contalr; other conventsonal detergent ingredients such as, 
e.g., fabnc conditioners s.nduding clays, defioccutant material, foam bocsters/foarTi 
2§ depressors (in dishwashing detergents foam depressors), suds suppressors, arris- 
corrosion agents, soil-suspending agents, anti-soii-redeposition agents, dyes, 
oenydratfng agents, oaciericides, opacai pn§nseners, or perrume. 
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tire pH (measufiBd In aciuaous soWon M ys® <*0f^s^i!itfatiQn) Will fee tifutral 
or alkslte. B^. m m rmm ^f W- 

Partscylsf fontis of lauridfy cfM^sfgeiit doJTipositions v^ithif^ th© socsp© of tlis? IrsvBfitioii 
Inciyde: 

5 1) A detergent comfjositron fof^yM as a gra^alafe having a bulk density of at 



Linear alkyibenzsnesuifonats (csicui^fed as 

acid) 


7 • 12% 


Alcohol 0thoxvsuif3te' (0.0. C,-, 5- 

aicoiioi, 1-2 EO) or alkyfsulfaWce-g C,s.,s) 


1 ~ 4% 


Alcohoi ethoxylata (e.g. Cv^ ,i alcohol, 7 EO) 


8% 


SodiufB carbonate (a§ Ha^COg) 


14 - 20% 


Soluble silicate (as NasD,2SiOg) 


5% 


Zeolite (as NaAlSIO,) 


m - 22% 


Socflum sulfate {mn HaSO,,j 


0 ~ m-^ 




D ~ 15% 


Sodium perborate (a« NaBOg.Hp) 


11 - IB'^ 


TAED 


2 ■ 6vv. 


i Carboxymethylcellulose 


0 - 2% 


1 Polymers (e.g. fnaleic/aorylio add copoiymer, 
1 PVP. PEG) 


0 - 3% 


i Enzymes (calculated as pure enzyme 
protein) 


0.00G1 - 0.1% 


Minor ingredients (e.g. suds suppressors, 
perfume, optical ongntener, pnotoDieacn) 


0 ~ 



wcmmmmm 



2) A detergent composition formylatad m a granulate liavmg a bulk density of at 



l&Bst BOO cofTipfisIn^ 






acid) 




Alcohoi ethoxvsulfate (e.g. C„,a 

alcohol, 1-2 EO or akyl sulfate {e.g. C,^.,,) 


1» 3% 


Alcohol ethoxylate (e.g. G,,.., aicohol. 
\ 7 EO) 


5 -^ Q% 


Sodium carbonate (as Hb^OO^) 


15^21% 


SoJubie silicate (as NajO.aSiO^) 


1 - 4% 


Zeolite (as NaAISsO,) 


24 ^ 34% 


pOQium sulfate ^as Na^aQ^) 


4 - 10% 


Sodium citrate/citric acid 


n <<*5iOA 

U - 1 3 /o 


Cafbosymethylceiiuiose 


0- 2% 


Polymers (e.g. malejcj'acjylic add cooolymer< 
PVP, PEG) 


1 ~ 6% 


Enzymes (calculated as pure enzyme 
protein) 


0.0001 ~ 0.1% 


Minor ingredients (e.g. suds suppmssofs. 
perfume) 


0 - 5% 


3) A dstergenl composition formuktsd as a gran 
least 600 g.'1 comprising 


utate having a bulk dens 


add) 


s « m 


Alcohol elhoxytate i&.g, C.j.,^ aicohol. 7 ED) 


7 > 14% 


Soap as fatty acid (e.g. C,,.j.j fatty acid) 


1 - m 


Sodium carbonate (as Na.CO,) 


10 - 17% 


Solubse silicate (as Nap,2SiOj) 


3 - 9% 


1 Zeolite (as NaAISiO,) 


23 - 33% 1 


Sodsum sulfate (as NajS04) 


0 4% 
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Sodium perborate (as NaSO^.HjO) 


8 - 16% 1 


TAED 


2-8% j 


Phosphonata (e.g. EDTMPA) 


0 - 1% 




0 - m 


PVP. PEG} 


0 <■ 3% 


En^!^es (ealculated as pure enatym® 
prstsin) 


0.0001 « 0.1% 




0 ~ 5% 


4) A (lstsf§isnt composi^on ferftiulst^ as 0 gMnulat© having s ljulk si^nsi 
least BOO 9/I somprisirsg 


Lsriear alkylbensenesulfonate (caicuiated as 
acid) 


8 - 12% 


Alcohol ethoxylale (e g, alcorvj: ~' F C^- 


1D 25% 


Sodium carbonate las NaXO,,) 


14 - 22% 


Soluble sliicate (as Nap.aSjQj) 


1 - S% 


Zeolite (as NsAISiOJ 


25 ~ 35% 


Sodsum sulfats (as Na^SOJ 


0 - 10% 




Q - 2% 


PGlymsTis {e>g, rna^eic/acryHc! acid copolymef, 
PW. PEG) 


1 • 3% 


Enzymes (calaulsted as pyre eniyme 


aoooi ' 0.1% 


Minor Ingredients (e.g. suds suppmssors, 
perfome) 


0 - 6% 



i linear alkylbenz^nesulfOMte (isafcuiat^ as 


15 - 21% 


Alcohol ethoxylata {e.g. C<j,,g alcohol, 7 EO or 
0^2^,5 aicohoi 5 EO) 


12 - 18% 


Soap as fatty add (e.g. oleic ^tM) 


3 " 13% 


Alkanylsueclnfc add (C- 


0 « 13% 


Amino^thanol 


S * 18% 


Citric acid 


2 - 8% 


Phospnonate 


0 - 3% 


Polymers (e.g. PVP, PEG) 


0 - 3% 1 


Borate (as BA^ 


0 - J\- 


Ethsnol 


0 - 3% 


Propyten© glycol 


8 - 14% 


Enzymes (calculated as pure en;£yma 
protean) 


0.0001 - 0,1% 


Minor in^fsdisnts (B.g, dsspersarDts, suds 


0 - B% 



acid) 


15 -21% 


AScoho! ethoxyiate (e.g. C^^..^ a!coho3, 7 EO, 
Of alcohol, 5 EO) 


3 - 9% 


Soap as fatty acid (e g oleic ack^) 


3 


Zeolfe Cas NaAISIOJ 


14 ~ 22% 


Potassium dtrate 


9 . 18% 


Borate (as B,0/) 


0 


CarboxyrY^ethylceHutose 


0 " 2\> 


^v^yii(s^(Ss "£~o, r^v"/ 


rs '^w^ 
u - ays 


Anchoring poiymsrs such as, e.g,, lauryS 


0 - 3% 


ratio 25:1: MW 3800 




0 - 5% 


EfV.vmes ^'casculated as pure enzyme pro- 
tein) 


0.0001 - 0.1% 


Minor ingrsdienls (e.g. dispersants, suds 


0 - 5% 



20 7) A detergent composstion formylate<J a. granulate having a bulk density of at 



ieast 600 o/i comprjsfng 



Fatty ascohoi sulfate 


5 ■ 10% 


Etho>iyiated fatty acid monoalhanoiamide 


3 - 9% 


Soap as fatty acfd 


0 


Sodiunr? carbonate (as Na,CO,} 


10% 


Soiubie siNcata (as Na.O.asiO^) 


1 - 4% 


Zeolit€ (as NaAISiOJ 


20 - 40% 


Sodium sulfate ;as Na.-SO,) 




Sodium perborate las NaBO,.Hp) 


12 ■ 18% 


TAEO 


2 •• 7% 
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f'*olyni©rs (6,<|. msteic/scrvnc Bad copolynisr, 
PEG) 


1 - 5% 


Enzymes {calculated as pure enzvme 
promin) 


0.0001 ~ D.r 


Minor ingredients (e g, optical brlght^iner, suds 


0 - 5% 




Linear aikylbenz^nesulforsale (caiculat'ed as 
add) 


8 ~ 14% 




6 « 11% 




S - 3% 


Sodium carbonate (as Na^CO^) 


4 - 10% 


Soluble sHicate (as Na-Cf,2SiC\) 


1 - 4% 


Zeolite {as r^aAiSiO,} 


30 - 50% 


Sodium sulfate (as Na^SO,; 


3 -11% 


Sodium cHrate (as CgHgHaA) 


5 . 12% 


P<^yiTi©cs (s-0- PVP, ^sIsfc/iScrylsG aold 
copolymer, 


1 - 5% 


E0£yf¥^©s (cstlculsted as pur@ Bnzym® 
protein); 


0.0001 - 0,1% 


Minor ingredtents {0,9. suds suppri^ssors, 
perfyme) 


0 ~ S% 


9| A cf©t©rg©nt son^posstfon formulatsd as a 9^^^^^^^® cor^ipfising 


Linear afkylbenzen^suifonate (cafculated as 

mm 


6 - 12% 


Nonionic surfactant 


1^4% i 


Soap as fatty add 


2^6% 1 


Sodium carbonate (as NajGOs) 


14 - 22% 


ZeoNte (as NaAISiOJ 


18 «- 32% 


Sodium sulfate (as NajSC\} 


6 ^ 20% 


Sodium citrate (as 0,H,mPr) 


3 ~ a% 



W0 
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1 Sodium perborate (as NaBOa-HP) 


4 - 9% 


1 Bleach activator (e.g. NOBS or TAED) 


1 - 5% 


Carboxyrti©thyScelluio86 


0 « 2% 




1 ^ m 


Enasymes {calcufatsd as pum enzyme 
protein) 


0-0001 . 0,1% 


M\mf Ingredients (e.g. opiicaJ brighleriter, 

.B^^f'^ 


0 ~ §% 


10) An aqueous Uquld detergent comjKJSItfon compnsing! 


linear alkylbsnzenesuifonate (calculptad as 

acid) 


15 -23% 


Alcoho! ethoxysulfete (e,9« C,^,,^ 
alcohol, 2-3 EO) 


a ^ ia% 


Alcohol ethoxylate (e.g. C,^.,^ alcohol. 7 EO. 
Of C^2-i5^^^^^^^» 5 HQ) 


3 - m 


Soap as fetty acid {e.g. lauric acid) 


0 - 3% \ 




1 - 6% 


Sodium citrate 


S -10% 


Hydrotfope (© g, sodfum tolu^nsulfonate) 


2 - m 


Borate {as 8,0/ ) 


0 - 2% 


Cafboxymethylcellulose 


0 1*-^^ 


Ethanoi 


1 - 3% 


Propylene glycol 


2 - 5% 


Enzymes {oalculaifed as pufB enzyrtie pro- 

««) 


0,0001 - 0,1% 


Minor ingredients pol^fisrs, 
dispersants, perfuiiifet optical bH§hters6fs) 


0 - 5% 



11) An aqueous Wqmi 4^tBTgBni composition comprising 



Linear aikylbenz^nssulfonate (calculstSid 

acid) 


20 - 32% 


; Alcohoi 0thoxyf3t© C^j.^^ alcohol, 7 EO, 
1 or C,,.,, Bl&omi 5 EO) 


6 ~ 12% 


Aminoethand 


? - e-^r 


Cmc acid 


8 - 14% 




1 - 3% 


Polymer {e.g. malelc/acrvtc acsd copolymer> 
iSf>choiinQ polymer such ss. isuryl 


0 - 3% 






EnzyFT!©s {caioulsted ss pur© ©nzyffiS! 
protein) 




Minor ingfsdi^nls hydTOtfopes, 


0 " 6% 


12) A detergent composition formulated as a granulate having a bulk densi 

least 600 §/i comprising 


Anionic surfactant (Hn^sr aikylbsnzsn©- 

0lph9-sulfo fstly 8cid fnsttiyl ©st^rs, 
sik^n6suifcif5St@s, soap) 


25 - 40% 


Nof)ion§c suE^etant {0,9, aicohol 
ethoxyiate) 


1 " 10¥6 


Sodium carbonate (a§ Na^COg) 


8 25% 


Soluble ssiicates (as Na^O, 2SiO^) 


S * 15% 


Sodiun-i sulfate {as Ma.SO,) 


D - 6% 1 


Zooiite (as NaAISiO^) 


16 - 2$% 


Sodium perborate (as NaBO.^HjO) 


0 -20;. 


Bleach activator (TAED or MDBS) 


0 ~ 5% 


Enzymes (calculatad as pure enzyme 
protein) 


0.0001 - 0.1% 



m 



Minor ingredtents (e.g. perfume, optical 



13) Detergent formulations as described in - 12) wherein aii or part oft! 
aikylbenzenesutfonate is repiaced by (C^rC,,) alkyi susfate. 



5 14) A detergent oomposition fomiulated as a grar^ulate having a bulk density of at 
least aoo gn comprising 



(C,,-C,,)alkyr sulfate 


§ • 15% 


Aicohos ethoxylate 


3 - 6% 


Poiyhydroxy alkyi fatly acid amide 


1 - 5% 


Zeolite (as NaAISIO^) 


10 - 20% 


Layered disiilcate <e<g. SK56 from Hoechst) 


10 - 20% 


Sodium carbonate (as NajCOa) 


3 - 12% 


Soluble sihcate (as HBp2StO^) 


0 « m 


Sodium citrate 


4-8% 1 


Sodium pera^rbonate 


13 -.22% 


TAED 


3 - S% 


Poiymers (e.g. polycarboxylates and PVP) 


0 - 5% 


Enxymes (calculated as pure enzyme 
protein) 


0,0001 - 0,1% 


^^inor ingredients (e.g. optical brightener, photo 
bleach, perfume, suds suppressors) 


0 - 5% 


15) A detergent composition formulated as a granulate having a bulk density 
least 600 9/I comprising 


;C,.-.C.,) alky! sulfate 


4 ~ 8% 


i Alcohoi etiioxylate 


11 ~ 15% 


^-^P 


1 - 4% 
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36 ~ 46% 




2 » 8% 




0 - 4% 


Sodium percarbonate 


13 " 22% 


T ■ ^ 


S% 


Carboxymethy! cellulose 


0 ■ 3% 




0 - * 


Enzyross (cslcyfstsd pur© snzyoi© 


D.0D01-. 0.1% 




0 - 3% 



16) Detergent formulations as descrifee^^ In 1) - IS) which contain a stabilized or 
ertcapsuiated peracld. efther as an additional component or as a substitute for 
almady^^oifiedbleaeh systems, 

1S 17) Detergent compositions as described In 1), 3), 7)< 0) and 12) wh«mln perborate 

11) Detergent oompositions as descrllsed In 1), 3), 7), §), 12). 14) am IS) which 
addidonaNy ©OFitaln a rnanganes® satslyst. Tbe marjganese eatafyst fnay; tee 
one of the corripounds described in "Elfroiem manganese catalysts for low- 
20 temperature bleachino". Nature 309 , 1994, pp. 637-639. 

19) Detergent composition formulated as a nonaqueous detergent liquid comprising 
a liquid nonionlc surfactant such as, e.g., linear alkoxylated primar>'- aicoho!. a 
bujider system (e.g. phosphates enzyme and alkali. The detergent may also 
corT^rise anionic surfactant and/of a bleach system. 

25 Particular forms of dishwashing detergent compositions within the scope of the 



1) POWDER AUTOMATIC DISHWASHING COI^POSITION 



rjonionic surfactant 


0.4 ^ 2.5% 


Sodium metasicate 


0 -20% 


Sodluni disflicats 


3 - 20% 


Sodlyfn tHphosph3t6 


20 ■ ^0% 


Sodium carbonate 


0 •■ 20% 


Sodium perborate 


2 - S% 


Tetraacety^ethyienediamJfie (TAED) 


1 - 4% 


I Sodium sulphate 


5 ~ 33% 




0.0001 - 0.1% 


2) pmrnERAmoMAmmmwABHim cmmmm 


Nonionic surfactant 
(e.g. alcohol ethoxyiats) 


i ■ 2% 


Sodium distiicate 


a - 30% 


Sodium carbonate 




Sodium phosptionat® 


0 - 5% 


Tfisodiuffi j^M© dihydfst© 


9 30% 


Nitritotfisodlum acetate (NTA) 


0 - 20% 




5 - 10% 




1 2% 


Polyacf^'tat® polymer 

(e.g. maieic acid/acrylic acid copolymer) 


6 ■■ 25% 


Enzymes 


0.0001 ■■ 0.1% 


Perfume 


0.1 - 0.5% 


1 W;;ier 


5 10 



3} POWDER AUTOMATIC DISHWASHING COMPOSITION 



I Nonionic surfactgint 



0.6 ~ 2.0% 



53 



Sodium disilicate 


26 ~ 40% 


Sodiom citrate 


3D - 5S% 


Sodium carbonate 


0 ■- 29% 


1 Sodium bicarbonate 


0 " 20% 


Sodiufn perborate monohydrate 


0 - 15% 


Tetraacetyletnytenadsamme (TAED) 


D - 6vc 


Maieic acid/acryNc 
acid copoj^ymer 


0 ' 5% 


Ciay 


1 - 3% 




0 - 20% 




8% 


Etm^mm 


0,0001 - 0.1% 


4) POWDER AUTOMATIC DISHWASHING COMPOSiTIOH 


Nonsonic surfactant 


1 - 2% 


Zeolite MAP 


IS -42% 


Sodlym disjiicst® 


30 -34% 


Sodium citrate 


0 - 12% 


Sodium carbonate 


0 ~ 20% 


Sodium perborate fYionohydrate 


7 - 15% 


Tetrsaceti'iethylenedsamine (TAED) 


0 - 3% 


Pofymef 


0 - 4% 


Maie>c aeid/acrylis add copolymer 


D - m 


Organic phosphonat© 


0 ~ 4% 


o^y 


1 - 2% 


Enzymes 


0,0001 ~ 0,1% 


Sodium suipiiate 





m 



5) POWDER AOTOyATIC DISHWASHING COMPOSITION 



Nonionsc syrfactant 


1 - 7% 


Sodium disilscate 


18 


30-- . 


Trisodlum citrate 


10 


24 


Sodium carbonate 


12 


20 


Monopersulphate (2 KHSOs.KHSO.-KsSOJ 


1§ 


21 


Blmch stabilizer 




2% 


1 Maieic acid/acf>'lio acid copolymer 


0 


6% 


psnt^sodlusTi ssH 


0 


2.1 


Enzymes 


0,0001 




So<iium $ii^hat@^ wat^r 





6) POWDER AND LIQUID DISHWASHING COyPOSfTION WITH CLEANING 
SURFACTANT SYSTEM 



Nonionic surfactant 


0 


~ 1-5% 


Oct^d©cyf dlft?ethylsniifie N'^oxidiS ditiydrstei 


0 


~ S'-c 1 


80:20 wt.C18/Cia blend of octadecyi 
dimethylamme N-oxide dihydrate and 
hexadecyidlmethyi amine N-oxide dihydrate 


0 


. 4% 


70:30 wt.C18/C16 blend of ocladecyl bis 
{hydroxyethyi)3mine N-oxide anhydrous and 
h8xad8cyi bis 

(hydroxy«thyi)amine N-oxide anhydrous 


0 


. 5% 


C,.rC,;, alkyi ethoxysulfate with an average 
degree of ethoxylation of 3 


0 




C,j"C,. aikyi ethoxysulfate with an average 
degree of ethoxylatlon of 3 


0 


~ 5% 


i.'yx~0'.i ethoxylated alcohol with Btt av^rags 
degree of ethoxylation of 12 


0 


' 5% 


A blend of C,.X,s ethoxyiated ak:ohois with an 
average de9ree of ethoxyiation of 9 


0 


- 6-6% 



m 



A blend of 0^-0,^ ethoxySated alcohols with an 
3V0r39® degrs^s of ©thoxyfstfon of 30 


0 » 4% 


Sod?uiT5 dissiicale 


0 - 33% 


Sodium tripolyphosphals 


0 * 40% 


Sodium citrate 


0 • 28% 


Cilrfc acid 


0 " 20% 


Sodium csfbon3t6 


0 ~ 20% 


Sodium parboratfi rrsonohydrste 


0 ~ 11.6% 


Tetraacety^ethylenediamsne (TABO) 


0 . 4% 


Maleic acid/aoryhc ^ofd copo^mer 


0 - 7.5% 


Sc»dlum sulphate 


0 » 12J% 




0.0001 - 0.1% 


7) NON-AQUEOUS LIQUID AUTOMATIC DISHWASHING COMPOSfTION 


Uquid nonionic surfacslanl (e.g. alcohol 
0thoxylates) 


2.0 - 10.0% 


Alkali metal silicate 


3,0 ■■ 1S.0¥o 


Alkali ni©lal phosp h3t6 


20 0 -• 40.0% 


liquid carrier selected from hsgher 

glycols, poiyglycols, poiyoxsdes. glycolethers 


2S.0 - 45.0% 


Stabflizer {e.g. a partial ester of phosphoric 
add and a 0,^-0,^ alkanol) 


0.6 - 7.0% 


Foam suppressor |e.g. silicon©) 


0 - 1S% 


E.nz>''mes 


0.0001 ~ 0.1% 


8) NON-^AQUEOUS LIQUID DiSHVYASHlNG COMPOSITION 


Liquid nonionsc surfactant (e,g. alcohol 
ethoxylales) 


2 0 -10.0% 


Sodium silicate 


3.0 - 16.0% 


Alkali m©tal carbonat© 


7.0 - 20.0% 


Sodium citrate 


0.0 ^ 1.5% 



m 



divided sillcona and low moiecyl^r weight 


0.5 - 7.0% 


Low fnol6cul© weight poly^cfyfst© po!yfi^©r 


e.o - wm 


Clay ge! thickener (e.g, bentonite) 


0.0 ~ 10.0% 


HydroxypfOpyi c^stlubse polymer 


0.0 - 0.6% 


Enijymes 


0.0001 - 0,1% 


liquid carrier seiecled imm higher iycois, 
polyolycols, polyoscid©® 3fJd oyc©! ©thsfs 


Balance 


9) THIXOTROPIC LIQUID AUTOMATIC DISHWAJ 


mmo coMPOsiTiON 


C -C lattv acid 


0 - 0M% 


^loclc CfO*polyfTi©r ^tif^^ct^f^t 


1.5 - 15.0% 


Sodium cstfate 


0 - 12% 


Sodium tfipoiyphosphate 


0 - 16% 




0 - 8% 


Alummiurri iristesrate 


0 - 0.1% 


Sodiuf?i cyrrs&n®^ solphon^t© 


0 - 1,7% 


PolyscryU'sti-' thickersBr 


1.32 - 2.5% 


Sodium polyacfyiate 


2 A ~ 6.0% 


Bone sscid 


0 - 4.0% 


Sodium fomiate 


0 - 0.45% 


Cslciun^ forrf50t^ 


0 - 0.2% 


Sodiusri Ji-dacvdipnenyi oxsde disylphonate 


0 - 4. 0% 


Monoethanoi amir^e (MEA) 


0 - 1.86% 


bodtuni nydroxide \z}k) /s) 


19 '9 3% 


1.2~Propanediol 


0 - 9 4% 


Er*^ym©s 


0,0001 - 0 1% 


Suds suppressor, dye. perfumes, water 


Balance 



10) mum AUTOMATIC DISHWASHING COMPOSITION 



Atohol ©thoxylste 


0 ~ 20% 


Fattv' acid ester sylphonste 


0 ^ 30% 


Sodium clo<Jecyl sulphate 


0 ' 20% 


AlkyI poiyglysssici® 


0 - 21% 




0 - 10% 




18 - 33% 




IS ' 33% 


Sodium stearate 


0 - 2.a% 


Sodium psfborstfe Iti0iiohydr8t6 


0 » 13% 


TetraacetyiethySenediamine {TAED) 


0 - a% 


Malesc acid/acrylic acfd copolymer 


4 - S% 


£f)2:yfn8s 


0,0001 - 0,1% 


11) LIQUID AUTOMATIC DISHWASHING COMPOSITrON CONTAINING 

PROTECTED BLEACH PARTICLES 


Sodium sioate 


5 ^ 10% 


^^^mot^^smmmmmmB^,, 




Sodium tnphospli0t6 


0 ' 2% 


Potassium cartjonate 


4 « 8% 


Protected bleach psnicies, e,g- chlorine 


5 - 10% 


Polymeric thickener 


0 7 - 1.5% 




0 - 2% 


insymes 


0.0001 - 0,1% 


Water 


Balance 



25 11) Automatfc dishwashing compositions as described in 1). 2), 3). 4), 6) and 10), 
wherein perborate is replaced by percafbonate. 



12) Automatic dlshwasHing compositions as described in 1) ~ 6) which additsonaiiy 
contain a manganese catalyst. The manganese catalyst may. e.g., be one of the 
compounds described in "Emdent manganese catalysts for low-temperature 
bleaching", Nature 369. 1994, pp, 637-639, 

5 An cr-amy^ase variant of the invention may be Incorporated in concer^lrations 
conventionally employed in detergents. « Is at present contemplated that, in the 
detergent oomposftfon of the invention, the 0-amylase variant may be added tn an 
amount corresponding to 0,00001-1 m§ (calculated as pure enzyme protein) of 
amylase per liter wash/dishwash liQuor. 

IS the present Invention is further described with reference to the appended drawieg, 
inwhish: 

Fig. 1 m an atignrnentof the amino aoid s^^ psmnt o^riiylases in the 

context of tfie Inyentfefi. The nMFnb^rs^ the extrs^^ne left dessgnate the respective 
amiiio add sequences as fallows; 
m 1; the amino acid ^^quence shown in SEQ IP No, 1; 

2: the amino acid se<iaehce shown in SEQ IP NO. 2; 

3: tt^e amino add sequence shown in SEQ ID No. 3; and 

4; the amsno acid sequence shown !f> SEQ ID No. 7. 
The numbers on the extreme right of the figure give the runnihg: t<jtal number of 
2ts amino adds lor eacH of the se<|uences In que^bn. It should fee noted that for the 
seqiisnce number^ 3 ^corrBspdnding to tie amino acid sequence shown in SEQ 
ID No> 3)v the alignment results In ■■gaiss'* at the positions corresponding to amino 
aad No. 1 and amm mm m, 175. fespeotlyeiy. In the sequences numbered 1 
(SEi:i ID No. 1), 2 {SEQ ID Mo. 2} and 4 (SEQ 10 No, T). 

2S Fig, 2 is a restriction map of ptesmid pTVB106. 

Fig. a is a restriction map of piasmid pPUm. 



m 

Fig. &m B fmtrmm map of pl^mid pTO114, 
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The preparation, purificaUon and sequencing of the parent «?-amyiases havsng the 
amino acid sequences shown in SEQ ID No, 1 and SEQ 10 Ho. 2 (from Sac///«s 
strains NCI8 12512 and NCIB 12513. fespectlvely) is described in WO 05/26397, 
5 The p\ values and rmteaslar weights of these two parent ^y-amylases (giv^n in WO 
95/26387) are as foliovtfs; 

SEQ....ID...N0,...1.: pi about 8.8-9.0 (determined by tofectric focusing on LKB 
Ampholsne^** PAG plates); moiecuier weight approximately m kD (determined by 
SDS-PAGE). 

^3 SEQ„[D Na 2; p! about 5 8 (determined bv s^oelectnc focusing on LKB Ampholine"^'^' 
PAG plates); molecular v\-'eight approximately 65 kD {detemiined by SDS-FAGE). 

Fufitotion of ^^Bm^,iBmxmm of the Invention 

The csonstructfon and expression of variants according to the inven^on Is described 
in Exannple 2. below. The purification of variants of the invention Is illustrated hare 
15 with reference to variants of the amino acid sequences shov^n in SEO ID No. 1 and 
SEQ ID 1^0. 2, reapedlveiy: 

Pur-ficatjon„oLS£Q ID Mo...1.yarj.ams (pi approx 9.0). The fermentation iiqusd 
containing the expressed ^-amylase variant is filtered, and amnrjoniurr! sulfate is 
added to a concentratiori of 1S% of saturation. The liquid Is then applied onto a 

20 hydrophobic column (Toyopearl butylTOSOH), The column Is washed with 20 mU 
dimethyl-glutanc acid buffer. pH 7.0. The cr-amySase Is bound very tightly, and ss 
eiuted with 25% w/w 2-propanoi In 20 mM dlmethyigiutaric acid buffer, pH 7.0 .After 
elution, the 2-prop3noi is removed by evaporation and the concenlrate is applied 
onto a cation exclK-^nQe- ;S~Sepharose-*^ FF. Pharmacia, Sweden) equilibrated with 

3S 20 mM dimethylglutanc acid buffer. pH 6.0. 
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The amylase is eluted using a finear gradient of 0-250 mU NaC! in the same buffer. 
After dialysis against 10 borate/KCI buffer, pH 8,0 the sample Is adjusted to 
pH 9.6 and applied to an anson exchang&r (Q-Sepharose™ FF, Pharmacia) e- 
quilibrated with 10 mM borate/KCI buffer. pH 9.6, The amylase is eiuted using a 
s Imear gradient of 0^260 mSVI NaCL The pH is ad|ust@<3 to 7.5. The <r~amylase is pure 
as }u(ig&6 by rSDS-PAGE. M htmrs contain 2mM CaC?^ in order to stabilke the 
arnylase. 

Pyrifrcatjon of SEQ ID No. 2 vafiants (pi approK. 5.8): The fermentation liquid 
containing the expressed i£r«amyias8 variant fe filtered, and ammonium sulfate is 

10 added to a concentration of 15% of saturation. The liquid is then applied onto a 
hydrophobic column (Toyopearl butyl-.TOSOhl). The bound amylase Is eluted with 
3 linear gradient of 15%-D% w/vv ammonium sulfate in 10 mM Tris buffer, pH 8.0. 
After dialysis of the eluaie against 10 mM borate/KCf buffer. pH 8.0. the iiquid is 
adjusted to pH 9.6 and applied onto an anion exchanger (Q-Sepharose^ FF, 

15 Phannada) equilibrated with the same buffer. The amylase is step-eluted using 150 
m!^ moi 

Ater elution the amylase sample is dialysed against the same buffer, pH 8.0, In 
order to remove the NaCl After dialysis, the pH is adjusted to 9,6 and the amylase 
is boohd once more onto the anion OKShanger. The amyiase is eluted using a linear 
20 gradierit M 9-250 mM mci The pM m adjusted to 73. The amylase is pure as 
iudged fey rSdS-FAGE All feuffigrs contain 2 mM OaClg in Oftier to stafeili^e the 
amylase. 

cf-Amylase activity is determined by a meUk".sd employing PhadeOas® tablets as 
7b substrate. Phadefoas tablets {Phadebas® .Amylase Test, supplied by Pharmacia 
Diagnostic) cor?taln a cross-linked insoluble blue-coloured starch polyn-^er which has 
beer? mixed with bovirm serum albumin and a buffer substance and labietted. 
For the determination of every single rneasuremenf one tablet Is suspended in a 
tube containsng S ml 60 mM Britton-Robinsor) buffer (50 mM acetic acid. 50 mM 



phosphoric acia, 60 mM boric acid, 0.1 ml\^ CaClj. pH adjusted to the value of 
Interest with NaOH), Tha test ss performed In a water bath at the temperature of 
interest. The ^-amylase to be tested is diluted In x mi of 50 mU Bmot>Hob\mon 
buffer. 1 ml of this cy~amyiase solution is added to the 5 ml 60 Britton-Roblnson 
s butter. The starch is hydmly&ed by the cr-amyiase gwlng soluble blue fragments. 
The absorbance of the resulting blue solution, maaaured spectrophotomelrically at 
620 nm, is a fundson of the ^-amylase activity. 

It is imporlant that the mes^rBd 020 nm afesofbanoe after 1 5 minutes of incubation 
(testing lime) Is m the range of 02 to 2,0 absofbanca units at 620 f^m. In this 
10 absorbance range there is imearity betv^<een activity and absofbance (Lambert- Seer 
law). The dilution of the enzyme must therefore be adjusted to fit this criterion. 

Under a specified sat of cor^ditions (temp,. pH. reaction time, buffer conditions) 1 
mg of a given «f-amyiase will hydlrolyse a certain amount of substrate and a blue 
colour will be pfodused. The colour intensity is measured at 620 nm. The measured 

15 absorbance Is directly proportional to the specific activity <activity/mg of pure a- 
amylase protein) of the sap-amylase m question under the given set of conditions. 
Thus fasting different isf-amyleses of ir^terest (including a r^fefence iy-amyiase, in 
this case the p-ar&ni a~amyiase in question) u.nder jdenticai conditions, the specific 
activity of each of the ^-amylases at a given temperature and at a given pH can be 

3D compared directly, and the ratio of the specific activity of each of the a-amyiases 
of interest relative to the specific activity of the referer^ce o-amylase can be deter- 
mined. 



The following mm dishwashrng assay was used: A ^uzpemlon of starchy rr?aterial 
was bolted and cooted to 20*C. The cooled starch suspension was applied on 
smaii IndivlduaHy identified glass plates vapprox 2x2 cm) and dried at a 
5 temperature of ca. 140»C in a drying cabinet. The individual plates were then 
weighed. For assay purposes, a solution of standard European-type automatic 
dishwashing detergent (5 g/1) havmg a temperature of $5«C was prepared. The 
detergent was allowed a dissolution time of 1 minute, after whioh th© «r-amylase in 
qumXion was added to the deter^snt soiutiori (contained in a beaker equipped with 

10 magnetic stining) so as to give an enzyme concentration of 0.5 mg/l. At the same 
tifT>e, the weighed gtass piate<.> hoki ic: smaW sjoporting ciamps, were immersed in 
a substantiaiiy vertical posn^on sn the a-amysase/detergent soiutson. which was then 
stirred for 15 minutes at 55*C The glass places were ther^ removed from the 
amylase/detergent solution, nnsed with distilled water, dried at 80"C in a drying 

15 cabinet and re-weighed. The performance of the i^amylase in question {expressed 
as an index retetive to a chosen reference ^-amylase (index 100) > in the example 
betow (Example 1) the parent <r»amyjase having the amino acid sequence shown 
in SEQ ID No. 1J was then determined from the difference in weight of the glass 



The following exampies fijrther lluslrate the present invention. They are not 
intended to be In any way limiting to the scope of the Inventipn as cjaimed. 

The above-described mini dishwashir^g test was performed at pH 1D.5 with the 
parent a-amylase having the amino acid sequence shown in SEQ ID No. 1 and the 
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TOiiow^ng vsnsnis in^reoi consuucuon «nc3 punTic^uOn ot wnicn is u^sonp^ci 
below): 11 83* ^ 0184*; Y243F; and K2e9R. The test gave th® following msufts; 

Parent (SEO No. 1) Index; 100 

T1S3* G1S4* Index: 120 

5 Y243F Index; 120 

It is appamnt that the each of the tested variants T183* G184* {which exhitsfts, 
int&tBm, nigner tneffnai stsssiity tnsn tn© parent ir~3myjase)> Y^44r (vsmscn exnious 
iower calcium ion dependency tt\an the parent ^-amyiase) and K269R (whsch 
10 exhfefts lower caicium ion dependency and higher stability at high pH tnan the 
parent ^^'arnylase) exhibits significantly iifttpfowcj dishwashingi psffoirnanc© felative 
to the parent *?-arnylase, 

1S shown ji ago ID m. 1 and SEQ ID No, 2, fespeotively 

FVimers- DNA primers employed In the construcfcn of variants as described beiow 
include the foiiowing fail DMA prin^afs are written in the dirgction from $' to 3' (lefl 
to right); P denotes a 5' phosphate): 

#7113: 

20 mi OCG OT0 ACC TCT TO AAA PAT AAC (300 

¥290; 

CTT AGO TAT GCA OAG SIC GAT AT6 C3AT CAC CD 



#3811:: 

IT A(C/G)G GGC AAG GCC TGG GAG TG0 
5 #744 9 : 

C CCA GGG CTT GCC C(C/G)T AAA TTT ATA TAT TTT STT TTG 

G QTT TOG GIT CGA AGO ATT CAC TTC me CGC 

#7450: 

10 0CG GTA GAA GTG AAT OCT TGG AAC CGA AAC CAG 
81: 

GCrr ACT ATC GTA ACA A?B GGD GAT TXSC TGAGGC TGT mT TTG C 

■#6616; 

P CTG TC3A CtG GTG AGT ACT CAA CCA AGT C 

cm CTT ecc aat ccc aag ctt tag cto ggaatt tb 



CAA ATT CCG AGO TAA AGC TTG GGA TTG GOA AGT AG 
20 TTG AAC AAC CGT TCC ATT AAG AAG 



Descriptson of piasmid dTVB106- The parent r?-amylase having the amino acid 
sequence shown m SEQ ID No. 1 and variants thereof are expressed from a 
5 plasmid-borne gene, SF18, shown In Fig. 2, The p\a^m\6, pTVBi06, contains an 
origin of replicalion obtained from piasmid pUBIIO (Gryczan ai., 1878) and the 
QBt gene cortferrmg resistance towajtis chioramphenicol. Secretion of the amylase 
is aided by the Termamyf^ signal sequence that is fused precisely, s.e. codon No. 1 
of the matufe protein, to the giene sncsding ths psfent ^r-^mylasa hav?ng the 
10 nucleotide and amino acid sequence {mature protein) shown in SEQ ID Nc. 4 and 
SEQ ID No. 1, respectively. The Termamyl promoter Nt(ate$ transcription of the 

Piasmid pTVBlOa is ssnilsr to pON1$2B (se© raid-open Danish patent appiication 
No. 115S/94). Some uniqye restriction sites are indicated on the piasmid map in 
IS Fig. 2, inciudsna BsBl SamHI, SslEH, EcoAfl, D/?/l, AMil Dram Xmal, San and 

Construction of variant M202T. The PGR overlap e.Ktension mutagenesis method 
is used to construct this variant (Higuch; et aL 19S8). An approximately 350 bp 
DNA fragment of pTVBIDB is amplified in a PGR reaction A using primers #7113 
20 and mutagenic primer #S7?8. In a similar PCR reaction B, an approximately 300 bp 
QUA fragment is amplified using primers YaS6 and #6779. The complete DNA 
fragment spanning the mutation site (1^202) from primer #7113 to primer Y296 ss 
amplified m PCR C using these primers and purmti DNA fragments from reactions 
^andS. 

25 PCR C DNA is digested Vv<itn restriction endonucieases BsftM and Afm, and the 
4S0 fep fragment is iigated with piasmid pTVBIOS digested with the same enzymes 
and transformed into a low-protease and low-amyiase Bacilius sut>mis strain (e.g. 
strain SHA273 mentioned in WO 92/11357). 
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Cm^MlonMmnm^^^^ G184* and RISr ^ GIST The PCR overlap 

extension mutagenesis method used to cor^struct these variants (Higuchi at al, 
1988). The mutagenic oiigoneucieotides are synthesized using a mixture (equaS 
5 parts) of C and G in one position; two different mtitatlons can therefore be 
constmcted by mm pfocadure. An approximately 300 bp ONA fragmem of pW8106 
is ampfiliect in a PCR reactfon A using prtnsers #71 13 

and mutagenic primer #7440. In a similar PCR reaction 8, an approximately 400 bp 
DNA fragment is amplified using pr'm^ Y296 and #3811, The complete DNA 
10 frasment spanning the mutation site (amino acids 181-184) from primer #7113 io 
primer Y296 is ampinm in PCR C using these primers and purified DNA fragments 
feselionsi A Wid Bi 

PCR C DNA Is d^ested wi»s Wriotipn ©ndcmueleases a« m Amu and the 480 
isp lrapment is ligated with placid pTVBIDS digested wiN ilm mm^ ^mymm and 
15 trans^ed Intp: a ICM-pmiaase and low-amylas® a subm simn (e.g. strain 
SHA273 mentioned rn VVO 02^11367). Sequencing of plasmid DHA from these 
transfermants idantlas tlie two correct m i.e. Rl8r * 0182* and T183* 

^Mi^i M s ^^M ^ MMi £ iME ^ Tft^ PCR ©vaflap e^^ensidn mutagenesis meth<Kl is 
20 used to construct Ifils vadant in a manner similar to the constmction of variant 
y2a2T (Wcfa supra). PCR reaction A (with primers #3810 and 81) generates an 
approximately 50G bp fragment, and PCR reaction 8 (primers 7450 and Y296) 
generates an approximately 550 bp fragment. FOR reaction C based on the product 
of PCR reaction A and B and prsn^ers B1 and Y296 is digested with restnctson 
25 endonucleases B$tBM and Amu, and ihe resuitsng 480 bp fragment spanning amino 
acui position 124 is subcioned into pTVB106 digested with the same enzymes and 
transformed into a Butms as previoysly deserlfeed. 
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Construdbn of variant R124P ,-^ T183^t J5,184^ For the construction of the variant 
comfofning the R124P ar^d the T1B3* + G1$4* mutations, two EcoM restriotion sites 
{om located at posstbn 1.774 kb, I.e. between the R124P mutation and the 11 83* 
r mutabon, and one located at oozMon 0,146 kb) were uUh^ed. The 

s approximately 1630 bp EeoM fragment of the pTVBI OS-like plasmid containing the 
T183* ^ G1 84* mutation was sofodoned into the vector part (approximateiy 3810 bp 
DNA fragment coftlalnrng the origin of repiication) of another pTV8106<-iii<e plasmid 
containifig the R124P ftiutsliors digested wi^ tlii© sarne erjzyftie, Trsnsfofmation into 
BacHim wbtHh was camecl out as previously de&cribed. 

10 Construction of variants G18 2* ^ G184"; R 18r ^ 1183-^: y243F: K269R : and L351C 

1^„ M4j^.6.Q - These vsriarsts wsre constfucted as follows; 

A specific nutageneass ve ctor containing a major part of the coding regson for tne 
amino acid sequence siiown in SEQ.ID No. 1 was prepared. The important features 
of ttiis vector (which is denoted pPy 103) Inoiyde Bf\ ongin of replication derived 

15 from the pUC plasmid, tf^ gene conferring resistance towards chk^amphenicol 
and a frameshift-mutation-contalning version of the bla gm% the wiid-type versicn 
of which normally conf&rs resistance towards arnpicillin (amp*^ pfienotype). This 
n^ytated version of the bia gene resuits in an amp^ phenotype. The piasmid 
ppyi03 iS siiDwn m Fig, 3, and the E coh ougin of replicatson, the 5^-truncate'-i 

20 version of the SF16 amylase gene, and oh. bia. cat and seiected restriction sites 
are indicated on tie plasmid, 

Mutations are inlroducsd in the gene of interest as described by Deng and Nickoloff 
l^al. Bloohem, 200 (1092), pp. 81~88]< except that plasmids with the "selection 
primer" (#6616) Incorporated are selected based on the amp^ phenotype of 

25 traasformed E co/? cells harboring a plasmid with a repaired bla gene instead of 
using the selection by festricfion-enzyme digestion outlined by Deng and Nickoioff. 
Chemicals and en2:ymes used for the mutagenesis were obtained from the 
Chameleon '^'^ mutagenesis kit from Stratagene (catalogue number 200500) 
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After verification of the DMA sequence m variant piasmids, the truncated gene 
containirsg the desired alterato Is subcloned from the pPfvH OS-hke pJasmid into 
pTVBlOa as an approximately 1440 bp BstBl-San fragment and transformed into 
BbcHIus suMHss for ©Kpressiofj of th© vanant ^nzyms. 

5 Fof the construction of the paifwise deletion varmnt G182* ^ G184*. me foflowing 
mutagenesis prirrw was usad; 

P 0TC TmAWmClTQ C^A GTC OCA TTT W mr mk TIT ATA 
TAT m GTT TTG AA0 

For the construction of the pairwisa deletion variant R18r * T1B3*, the foliowing 
10 mutageness pFlmer was ysed: 

F CT0 TGT AT€ GAe Tte CCA 0TC CCA AGO TTT GOG TCC GAA TIT ATA 
TATTTTSTTTfBAAG 

For me mmtmtMon of the substitution variant Y2m, m Mmm mutagenesis 
IS primer was u^al: 

P ATQ TQT AA6 CCA ATC GCG AGT AAA GCT AAA TTT TAT ATG TTT CAC 
TGC ATC 

ror tfie iX*r?»irMOEspn ot ine suDSBiunon variani s\4!B»n, ine ipHowsng mutagenfesfe 
primer was y§ed: 

20 P GC ACC AAG GTC ATT TGG CCA GAA TTC AGC CAC TG 

For the construction of the pairwise substfetion variant L351C M430C, the 
followung mutagenesis printers wer® used simultaneously: 

1 ) P TGT CAG AAC CAA CGC GTA TGC ACA TGG TTT AAA CCA TTO 
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2) P ACC ACG TGG ACC ATC GOT GCA GAT GGT GGC AAG GCC TGA ATT 

ConstructML of variant L351C.-f y430CjtTia3- ^ GJ84!: This vanam was 
constructed by combining the t351C ^- M430C pasrwise substitution mutation and 
the T183- -J- G184' paifwise deletion mutation by subcbning an approximately 1430 
5 dp M/?dMI-Af?]H fragment containsng L351C + M430C into a pTVB106-te pfasm^d 
(wtth the T183* * G184* mutations) digested with the same enzymes. 

Construction of variant Y^43F ^ T1B3* ^ G1$4--: This variant was constructed by 

combining the Y243F mutatbn and the TiS3* * G184* mutation by subcloning an 
approximatesy 1 148 bp D-^^s^ fragment containing T183* ^ G184- =nto a pWB106~iike 
10 plasmid (wrth tiie Y243 mu'tation) digested with the same en.r/fr^e 

Baciiius subtiils transformsnts were screened for ^-amylase activity on 
starch-c^ntalning a^sr plates snd th© presence of tha csorrect i?tutations was 
checked by DNA mtuertcins. 

Construotlon of variant Y243F ^ T183* ^ G184* 4- t3S1C ^ M430C: The L351C -r 
16 M430C pasmfise substitution mutatian was sufocioned as an approximateiy 470 bp 
Xmal-Sa/i fragment into a pT\/B106-like vector (containsng Y243F *T1S3* 0184*) 
digested with the same enzymes, 

Construotion of variant YMm.jtJim.±Mmi ^ i-?S1C ^ mZQC ^ Q391E 
K444a: A pPM1G34lke vector containing ttie mutation? Ya43F ^ T1S3* + Gia4' + 

20 L351C M430C was constructed fey substituting the truncated version of SF16 in 
pPy 103 with the approximately 1440 bp SsSI-Sa^ fragment of the pTVB106-iike 
vector containing th6 five miitations m question. The Q391E and K444Q mutations 
introduced simultaneously snio the pPM103-iike vector (containing Y243F 4 
TISS" -s- G184' ^ L351C ^4300) by the use of the following two mutagenesis 

25 primers in a manner similar to the previously described mutagenesis on pPM 103 • 

P GGC AAA AGT TTG ACG TGG CTC GAG AAG AGG GTC TAT 
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p rra rm cm m m or© om Am mk cat cga ttt 





DTVB112 : A veslof, cJenated pTV8112, to b© used for the 



In sea ID m. 2 ms m^tnm^^ m vector is very similar t> pTVBlOa ^jccepf 



tb& Psn and the ^^dlii site m pTVBlOa. thus, the expression of this «y-amylase 
CSED ID No- 2) is aiso directed by the a/iijC: promoter and signal ^c|u#nee. The 
10 plasmid pTVS112 is shown in Fig. 4, 

Qmmmmn M yMm^mBr ^ 0184*: The constryction of this variant was 
^dhieveci using th§ PCR oveiiap extension mutagenesis n^stliod referred to earlier 
ivkie supm). Primers #8673 and B1 wem used In PCR reaction A, and primers 
#8569 and #8570 were used in PCR reaclion B. The purified fragments from 
15 reaction A and reaction B and primers IB and #8570 were used in PCR reaction C, 
resulting in an approximately 1020 bp ONA fragment. This fragment was digested 
with restriction erjdoriucleases Pstl and Mini, and subdoned into the expression 
vector and transformed into iS. subWfS. 

Comtru^xMMML^^. By analogy with the construction (wde sfipra) of the 
20 plasmid pPM103 used In the production of mutants of the amino add sequence of 
SEQ ID No. 1, a plasmid (denoted pTVB114; shown In Fig. 6) was constructed for 
the continued mutaaenesis on variant D1S3* + G184* (SEQ.ID No. 2). Mutations 

were introduced m pTVBi14 (SEQ ID No. 2; D18avG184*) in a manner similar to 

that for PPM103 (SEQ (D No, 1). 



fiat the gene encodihg the 



Of SEO 10 No- 21s Insened ijefes^een 



25 fat the construction of the pairwise deletion variants RISI* 0183* and R1sr * 
0182'. it was chosen to alter the flanking ammo acids in the variant 0163* + G184* 
imtm4 of deleting the specified amm acids in the wiid type gene for SEQ ID Ho. 
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2. Tliii following jt^uf^gi^n§#i^^ l^fimsr was m^ f&f the ryiutageneiss wltfi!j>WB114 
as template; 

PCC CAA TCC CM GCT TTA CCA {T/C)CG AAC TTG TAG ATA CG 

The presence of a mssaure of two bases (TIC) at one position allows for tha 
5 presence of t«?o different deletion Hanking amino aoid based on one mutagenesis 
primer, DNA sesjuenolng of tt^e resu^ng plasmlds yerlies the presence of efther the 
one or the the other rnutatlon, Tbe rnutated gene of Interest Is suboloned es a PsU~ 
0/bM I fragment int0 pTVB112 digested vs/Hh tlie seme enzymes and trensfojmed into 

10 For tNe eonstfudioh of G1 82^ - Gl8r and R181* ^ G1B4*, the foitewing 
m;Mta§eriesis pfimer was ysed wm pTS/B1 14 as template: 

PGC CAA TCC CAA GOT TTA TCT €<C/G)G AAC TTG TAG ATA CG 

As before, thepresemse df a mixture of two bases (CiB) at one position allovvs lor 
the presence of ts^o different dleleiloh flunking amino add foassd on one 
IS rnutagenesis pmrnr. DNA sequencing of the resulting plasmids verifies the 
pmsenoe of either the one or the the other mutation. The mutated gene of interest 
is subcloned as a M-Dfalll fragmenl ir>to pT¥B112 digested ^ith the same 
eozyrn^l ahd translofmed Into B, sutiilm. 

For the oonstruotion of P183* * 01 84* -s- M202i the following mutager^esls primer 
20 was used: 

PGA TCC ATA TCG ACG TCT GCA TAG ABT AAA TAA TC 

Por the oor^stfuetior^ of 01 S3* * S1 84* ^ MZOM the following mytagenesis primer 
was used : 



PSA TOG Am mo Mm TCI QQA TAAMT mA lAA TC 
13 



acid seqyen<^s shown m IP No. 1 ^nd S£Q ID 



f of variants #tli^^M^imaimo No. 1 
The measurements wer« made using solutions of the mspec^ve ymmnU In SOrtiy 
BrMon-Robsnson buffer (60 acetic acid, 50 mU phosphoric add, 60 mM bom 
acid. 0.1 mM CaCl^. pH adjusted to the vsiue of interest with NaOH), pH 9,0, I© 
10 which hydrogen peroxide was added (at time t ~ 0) to give a final concentratiort of 
immm Hp^. The solutions were tlien mouDated at 40*C in a water feath. 



^r6, 10, 151 



above. The resMual aotlvlly ifs the samples was measured using 50mM Brfttcsn- 
15 Rofeihsori bufc pH 7,3, at 37*0 (see Novo arialytfeal publiostion AF207-1/1, 
availabte on request from Novo NordlsK.A/S). The decline m activity was measured 
raiative to a correspondmg reference solution of the same eii^yme at 0 rmmm 
wmwi was ROi fncuDaseo mm ny^rogien paro?c{ae iiuuvo ^ciivftyj. 



i of initial activity as a fuitc?iion of time is shown h the table below 
20 for the mmni enzyme (SEQ ID 1) ahd fer the \ 



ymmi % Activity after Incubation for (minutes) 
0 5 10 15 20 



25 hmZl 100 90 72 gS 27 
M262F 100 too 8? 71 43 



M2D2A 10Q 
y202l 100 
M202T 100 
M2CS2V 100 
5 M202S 100 

too 





82 


64 


30 


91 


7S 


§0 


26 


87 


65 


49 


20 


100 


87 


74 


43 


100 


85 


68 


34 


51 


26 


13 


2 



Al! th6 y2D2 substtfeitjon VBfsants t€sst€cS cterly ©xhflslt sighlfioantfy Improved 
stability towsfds oxislstlon rftiativ^ to th§ psi^ni ^r-sfityjlssg! |$£Q ID Mo> 1). 

10 B: Oxidation stability of variants of the sequence in SEQ ID No, 2 

Measurements were made as described above using the parent «~amyfase m 
question (SEQ ID No. 2). the variant M202L 0183* 01 S4* (designated L In the 
table below) and the variant M202! * 0183* + <31 84* (designated I in the table 
Ibelow), r&sp#otiv®ly> In iUiB csase, incuba^on ^rries |aft;eir addition of hydrogen 

IS peroxide) of 10, 15 and 30 miniites were employed. As In the table above, the 
percentage of Initial activity as a function of time is %hmn In the table bete¥ for the 
parent enzynie and for lt>e variants in (Question. 



Variant % Activity- after incubation for (minutes) 



0 


5 


10 


16 


30 


L too 


01 


8§ 


71 


43 


1 too 


81 


SI 


44 


18 


Parenl 100 


BB 


26 


14 


4 



25 



The two "subsMon + pairwise deletion" variants tested (wlisch both comprise an 
M202 substitution) dearly exhibit significantly Improved stability tov^ards oxidation 
relative to the parent s-amylase CSEQ ID Ho. 2^. 
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Determination of thermal stab tof variants of the parent t 
amino add sequences shown In SEP ID .No.. 1 and SEP ID No. 2 



A: Thermal s 
§ SEP ID No. 1 

s made using solutions of the rsspectlve variants in BOmB 
1 buffer (ware sypm), pH 9.0. Th© solutions were incubated at B5^C 
In a water bath, and samples were withdrawn ater incubation for the indicated 
periods of time. The residua! a-amylase activity of each withdrawn sample was 
1D measured using the Phadebas assay, as described above. The decline In activity 
was measured relative to a corrBsponding reference solution of the same enzyme 
at 0 minutes whlc^ was not inwbated 000% i 




The percentage of inltfai actMt^ m a func^on of time is shown m the table below 
for the parent enzyme (SEQ ID Mo. 1) and for the following pairwise deletion 



Variant 1; R1Sr G182^ 
Vanant 2. R18r * T1B3* 
Variant 3; G182* + G184* 
Variant 4; T183* ^ 0184* 
20 Variant T183* 0184* R124P 



Variant % Activity after incubation for (mmutes) 

0 5 10 15 30 45 60 



2S 1 100 81 66 49 24 14 8 

2 100 m 53 3§ 17 8 3 

S 100 64 40 as 1D 4 2 



76 



4 


100 


m 


43 


34 


20 


8 


s 


S 


100 




T3 


m 


57 


47 


38 


Parenl 


: 100 


13 


2 


0 


0 


0 


0 



5 It !S spp^rsnt t^?3t BiU of th^ psirwiss d^itJtson vsriBnts tested sxH^bit sig^^ificsntly 
rmproved thermai mbmy relative to the parent «f~amy!a$e (SEQ ID No, 1), and that 
the therrnsi stability of VariaM 5, which in addHson to the pasfv^sss deletiomrtut^tiof^ 
of Varisr?t 4 cx)rtipfisss the substitution R124P, is ttiiaflsedly higher thssn thM of the 
Oiner venanis. oince oaionfTi6tnc resusts tor toe suDStituiiOn venant r<ij£4r 

10 {compmmg gr^ the substitution R124P) reveal an approximateiy T^C 
thermostabilization thereof motive to the pamni ««amyiase. it appears that the 
thermostabiiizing effects of the mutation R124P arid the pmmme deletion, 
respectively, reinforce each other. 




made for the p»mn\ mzym^ (SEQ !D No. 2) 



sfsd for the following psirwis® deletion 



Variant A. 0183* G 184* 
Vanant 8 R18r - G182* 
ao VarisniC- GW2* ^ G1S4* 



Variant % Activity after inoufeatjon for (mihutes) 





0 


s 


10 


15 


30 


2S A 


100 


87 


71 


63 


30 


B 


toe 


113 


m 


76 


S8 


C 


too 


§9 


76 


62 


34 




; lae 


72 


§5 


44 


1i 



77 



Again, st is apparent that the paifwlse deletion vanants in question exhibit 
significantly improved themisl stafeHity relative to the parent ^f-amylase (SEQ ID No. 
2). 




t4: T183* G184* 
t 6: L3S1C M430C 
10 Variant 7: Y243F 

VahamS; Q391E^ K4440 

Variant 9: T183* G184* L351C ^ 1^4300 * mmB* KWQ 



Varlan 


It %Aet 


iv% after inssii 






IS 




a 


10 


15 


30 


4 


100 


66 


41 


22 


7 


6 


100 


87 


73 


85 


43 


7 


100 


14 


2 


1 


0 


20 a 


100 


m 


m 


31 


14 


0 


100 


m 


m 


BB 


82 



Again, it appears that the theTmostabilizin^ effect of multiple rrmtatbns, each of 
which hss a theroiostaljifeing Bifect, is * Bt iasst ciualt^tivsly ^ curnyiative. 
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CaJaum,Mnd|oa affinity of ^-amytagie v8mnM.M. the.mveMi.Qn 

Unfolding of amylases by exposure to heat or to denaturants such as guanidine 

hydrochloride is accompanied by a decrease In fluorescence. Loss of calcium Ions 

S leads to unfoidsng, and the mn^ of a mrm of <?~afnylases for calcium can be 
measured by fluoresoeiioe measurements before and after incufeation of each 
©.amylase (e.g. at a concentration of 10 pgim\} in a buffer (e.g. 50 mM HEPES. pH 
7) with different concentrations of calcium (e<g, in the range of 1 fM^m mU} or of 
EGTA (e.g. in the range of 1-1000 fM) [EGTA « 1 ,2-di(2'amlnoethoxy)ethane- 

10 ;\0\0V JV -tetraacetic add| for a su^aentiy iong |>enoci of time (such as 22 tiours at 

The measured fluorescence f is composed of contributions form the folded and 
unfolded forms of the enzyme. The following equation can be derived to describe 
the dejpendenoe of P on calcium concentration ([CaJ): 

15 f - iCmK^, ^ |Ca|H«r« ^ #,l09(lCa|)) ^ K^JiK^,, ^ rCa})(«, - #,log(fCa|)) 

where cff, is tiie fluorescence of the native (folded) form of the enzyme. 0,, is the 
linear dependence of on the logarithm of the tf-je calciufn concentration {as 
obsef\'8d experimentally), sti, ts the fluorescence of tne unfolded form and 0,, Is the 
linear 6^pm4m&B of ©y on the logarithm of the calcium concentration K«,^ 
20 is the apparent caiclum-fcinding constant for an equilibrium process as fallows; 

^ y + pa (N s« native enzyme; y « unfoided enzyme) 

m fact, unfolding proceeds extremely slowly and Is Irreversible, The rate of unfolding 
js a dependent on calcium concentration, and the dependency for a given a- 
25 amylase provides a measure of the Ca-binding affinity of trie enzyrr^e By defining 
a standard set of reaction conditions (eg. 22 hours at 66«C). a meaningful 
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cofnpsnson of K^j^ fof df^rsnt «r-3my!3S6s csn be mads. TN« cstelufn (ijssogsMlofs 
curves for in general can be fmed to the equation atov#, alio^^irsg 

determination of the corresponding values of K^^,^,. 

The fciliowir^g values for K^,,, were obtained for the parent sr-amy^ases having the 
S amino acid sequences shown in SEQ ID No, 1 md SEQ 10 No. 2, and for the 
indicated sr-amySase variants according to the invention (the parent «F-amyiase i^eing 
iridlc^ted In parertthsses); 



Wmni 

10 




D183' + G1S4* (SEQ \D No, 2) 




L3S1C * T183* G184* 




^SEd mm. 1) 




TIBS* 4- a w (SEQ 10 No, 1) 


44 C±Q<7) 5< 10"* 


15 SEO ID Na a; (parent) 


4.2 (±1,2) K 10'* 


SEQ 10 No. 1 (parenD 





It is apparent from the above t^iat the caleium-binding affmity of the latter 
ff-arrsyioiytic ensytT^es deofsases in a downward direction through tha abova tabte, 
a i.e. that the paiwise defetior? variant 0163* ^ 0184* (SEQ ID No. 2) binds eateium 
most strongly (i.e. has the lo\^ast calciyfr? dspeodartpy) whHst th^ parBnt #-^s^^ 
of SEO ID No. 1 bimis cayum least strongly (i;e, has; tie highest cateium 



80 



Suzuki et al. m Journal of Bioiogjcal Chemistfy, Vol 264, No, 32, issue of 
November 15, pp. 18933»1893a {1089). 



Hudmn et al, 



Llpnian 8hd 

Sarnbrook et al, I 
Harbor. 1989, 



Third 



(1989). 



, 2n?l E^.. Cold Spring 



S.t, Beaucage and M.H- Camth^ra, Mcih§4rsai«tte. ^ , pp, 1059-1860, 

10 ^atthes et ai. The EMBD J, t, 1 §84. pp. 801 -SOS. 

R K, mm at af. , iggM m im pi?. 487-401 . 

I^orinsga ei al, 1§84, Bijia^oHnolopy pp. mmm. 

Neison and lor^g, Analvttca{ Biochemistry m< 1^89, pp, 147-151. 

Hunkapilier et al, 1984, Nature 310. pp. 105-111. 

IS R, Higuohf, 8. Krymmei. and R.K. Saiki {1088). A gwml msthod of m Mm 
preparation and specifsc mutagertesis of DNA fragments; study of protein and DNA 
Interactions, Hucl Aci d s Res. 16. pp, 7351 -^TSe?. 

Oubnau et aL. 1971, J, Mol Biol 56. pp. 209-221. 

Qrym et al. 1978, J, iaetarioi m pp- 318-329. 



S.D. Erifoh. 1977, Proc. Matl. Acad. Sci. 74, pp. 1680-16S2. 
Boel et Bl; mo. BiOchBrnj^ity 29. pp. 6244-6249. 
Deng and Nickoloff, 1982. Anal mochem. 200 . pp. 8im 



(i) APPLICMCf : 

(O err/.- DK- 288(5 BaasTv'a.Arvi 

(?) KBIMi CODS {ZIP; ; IX~2880 
(G) -AS 44 44 88 86 

{H) mSM; 44S 44; 49 32; 56 




m scraOTx mt^& sei«ase #1.0, %ssim #1,25 imi 



{A) LEmrn-, 485 SiRUiXj acids 



ax) 



His His Sky li^ Gly Ikr J^st ffet Gin Tyr Phe Glu IVp lyr 
1 5 10 15 

Leu Pm i^i Gly jfto Hxs TEp Arg Lsu /a^ ^ -^^^ 
30 25 30 

Asri Leu Lvs Sar Lvs Gly lie Ifer Ala Val "Tip lis Pro Pro Ma 1^ 
35 * 40 45 

Lys Gly it>r Ser Gin ^isn Val Gly Tyr Giy Ala lyr I^u Tyr 
so' SS 60 

iSiSp leu Gly Giu Pi^- Asn Ch'i Qly fhr V^d 11 v> :w 1\t 
65 '?0 ?J> «y 

Thr Am Aai Gin Gin Ala iO.^ Vol 'fe Ser T*5ii U-i? Asn Asn Gly 
S5 90 S5 



lie Gin Vaj. T^t Giv Val Vad ^fet to Jiis Giy Glv Ma i%sp 
100 105 110 

GXy Ibr Glu IXe VaX to laa Val Sl-a Val Arg Ser to Ps:g to 
XIS 120 125 

Gin Giia Itar Ser <^y SXu itU Ixp Thx- Lys £te 

130 135 140 

rA- Pso Gly Gly to to His Ser Sar Stje Is,?® 1^ Jteg Ttp Tvr 
ISO ZBB 160 

His ifep Oiy ISir Tsrp gin i&g 1^ 

170 :n5 

II© lyx- L^-B i'he Atxj Gly 15sr Gly Lys iUa Trp ^ lip Giu ^-aX 
180 MB 190 

Ihr Giu Gly iisn lyr lyr to ^fet i:yr Ma 

iSS 200 205 

fEs Ero Glu Val XXe His Glu Leu jfteg to Tsp Gly Val Tm IVr 
210 2iS 220 

t?ar 'Xhr lau to Im Gly Sb® 1^ lie Ma Vfel LyB His 
22S 230 235 240 

2lel^iyrSerJt)eIhri^to*T£pLesu13jrHlsVsaAcgtolte 
24S 2S0 2SS 

■Itsr Gly L^'s Pu> Pfet PiB Ma Ma <au Fhe T£p Lv^ 

2SS 365 270 

Gly Ma lie cau to 1V2^ to Jto lys l!^r Ser T£$> to His Ser Vkl 
275 280 2SS 

Fte Val. I^u His IVT to to lyr to Ma Ser to Sesr Gly 
29Q 2BB 300 

Gly lyr Asp Met to m to to Gly Ser Wl. Val Gin Lys 
30S 310 3iS 320 

.His SCO Els Xla Val Ihr Ste Val to Kia i^sp Ser Gin EtoD 
32S 330 335 

Gly Giu Ma lau Glu Ser Pbe V^ Gin Gin Ttp Lys Pro Leu M^ 
MO 34S 350 

Tvr Ala Leu ^'al Lsu lljr Glu Gin <^y lyr Pro Ser Val -T^t 
3SS 360 3«S 

Gly ^ a?yT Gly lie Pxx) Hbx His Gly Val E*ro Ma r*fet Lys Ser 
370 37S 380 

Lys lie- Pro to l£;u Gin Ma G:i.n Thr Phe Ma I^>.'r Gly llir 
385 3S0 395 400 



Gin Bib iksp lyr ^ His His Asp lie lie Gly Tsp Ihr Aeg Ciu 
40$ 410 415 

Gly Jten Sex- His Pxo ^ssn Ser Gly IfiiJ Ala Thr lie ivfet Ser 
420 42S 430 

S Gly Pio Gly Gxv ito Lys Met Tyr vai Gly Asn Lv>3 Ma Gly 
435 440 445 

Gin Vai Ttp He Glv Arg tlrr Gly Thr Val Utt He 

4S0 455 460 

Aar^ Ala Gly Txp Gly i^i Pise Ser- Vid ."^s Gl^- Gly S^is: Val fe; 
10 4S5 470 475 480 

¥al Tep val GIj^ 
48S 

( 21 im:^mim m m -, Zi 

CB) TXKgj amj>o acid 
(D) lEMECn^; iiise^ 



iXX) SHOTO; DBSCRIFTIOS: SEQ ID ROt 2; 

His His /^an Gly 'llnr .Asca Ihr r-^?! ^^t- Gin 'i\T G.Ui Ris 

Leu i^ss^^ g:v i^^^. His T^p AS:. Arq Leu Arq ;«:-o Ala Ser 

20 25 30 

Asr. lev. Arc< Arg Glv T.le Tl-.r /ua lie Trp He Piv^ Ala Trp 

01 y "Il:j.r S?.r Gir- ,fiHn ^^ssr Val Glv Tvi Gly ,\la Tyr A^ro Uro 'IVv 
50 55 6D 

?>ap leu Gl\- Glu Prse AiJ^^ 'Jlr. '>.'.v T'hr Va] Aip llu L^i^ lyr Gjy 



'TlTLr Tvra ?x^a- Leo Glu ber Aia lie ins Ala Lea Ly>3 Asn ten G.l\- 
85 SO 95 

Val Gin l^T Gly "V^ Val J^t Asn His L^^'b Gly Gly Ala Ar;i:' 
100 lOS 110 

?U.a Hir Glu iSiSsi Val Ie« Ma Val Glu Val ^ Pro Ass i Ais;:^ Arg .^ss^-^ 
lis 120 125 



Gist vSlu lie S 
130 



Gly 1^ lirr lie (Slu iOa 1^ Thr Lys i^sa 



S5 



Fhe Pro Oly ^ G].y to, Hir Tyr Lys 'X^ -tog "Rp 

14S ISO ISS 

Hia H^, ^ aiy Val T£p (Sn Ser Arg Gte ,£t^ 

les 170 17S 

Xle lyr ij/B Pte Gly Sly ]Uys Ala "Eep i^isp Glu Vai ii^^ 



Ser <Slxi m:i T^fr 1^ Ij^ M& ^ Val mt 

19S 200 205 

^ His <3lu V«.l Mr. G;kj Leu At^ Ai-g T£p Gly Glu Trp lyr 
210 21S " 220 

Itjr ISan la.5 A«jtis iiesu <Sly ite Aa:g lie Ma ¥ai His 
225 230 ' 235: 240 

lie Lys i:Vr Ser aie 'Tht Ii3::g ity^ Tsp 



Ibr Oly Glu Ifet M5e Ma Vai Ala (31u Tsp Ly^ Jvsn .?isp 1^ 
2SQ 2«S 2?0 



Gly /iO^ tea <Slu Jsm l^T L>^ llsr itei 1^ 

m 2m MS 



> Vai Pm Leu His 



Tyr ^fet Ala Lys Leu iten Gly Val Val Glti Lj^ 



His Pro Hest ms Ma VaX 15ir Fte Val ito Ms Gin Jto 

325 330 33B 



Oly Glu i 



• Leu {*lu i 
340 



r Ste Val Gin Glu Tscp Ihe Imi Ma 

34S 350 



T^^ Ma He Leu Ifer iirg Olu Gin Gly tyr ESD Sea- Val Phe lyj:- 
3S5 3S0 36S 

G£ly Tyr lyr <31y He Pro 'Sir His Ser Vaa. m> Ma l^t Lys Ma 
370 375 380 

Uy-B Xle Pro He Igsu dlu Ma Gin Asn Plia M& lyr Gly Thr 
38S 3S0 39S 400 

Gin His Tyr Pt^ His Kia He lie Gly lip Hir Asg Glu 
40S ' 410 415 



Gly ^isa Ihr Ihr His Pm fe^ Ses' Gly lau Ma Har He y^t Set 
420 425 430 



Gly Pix> Gly Giy Gl^:! hys Trp fet T^t Val Gl.y Gin Assi T.^v's Ma Gly 
435 440 445 

Gin Val Tip His lie l!ir Glv 1^ Js^ Glv lbs- Val Uir lis 
450 455 460 

Ma Ma Gly "nx! Ala Fhe -Ser Val /ssn Glv Glv Se-s:- Val Ssx 
46S 470 475 480 

lie Tsp Va3, .Li's 

485 

(A) lEtnni: S14 arrdixj acids 
iB) im;; amBD acid 
(C) mmmM3^^', Bijsgle 
(S) imxeosf! Iix3©ar 

(115 ms^nm Tim-. p«^id® 



Ala Ala. I>tx> m=i Glv 'Jtir HKt ?%t Gin ';>'r tte Glu Trp T/r Leu 
1 5 10 W 

Pxo .i^~> Asp Gly ll-ar Deu "Vp :l"ir s..yr> v'isl Ala ^ksn G].u Ala A<3;ri 

Leu Ser Ser Leu Gly lie 'Hir Ala .leo Trx) --^^^ ^'^^''■> '^-^ ^^-^^-^ -V^" 
35 40 4.S 

Gly -I^^ Ser Asxj .Sez' A£s:> Val Gly lyr Gly Val .'X^p Ibu IXn:? AiTp 

Cilv Giu FiB i^^; GLi Lv'S Gls- Val .Kvx^:! Ihr 1^.3 Gly Thr- 
65 ' 70 7S 8(5 

Lv-s M^-i GLn IVr lev; G.ln Ala lie G.1:: Ala Ala rlxs Aj.;;i .?ua Gly ^fet. 

65 90 55 

Glr; Vai Tvr Ala Val Val Pha Asp His .Lys Gly Gly AJa Airj:> C^iy 
100 " las IXO 

'D-r Giu Itsp \i^ll A&p Ala Val GIu Va3. Asn &o Ssr^ Asp Arg Am Gin 
lib ISO 125 

Giu 11^ Ser Gly '.mr Tyr Gin lis GLn Ala Tsp Ihr I/ys Phe Asp Ft« 
130 135 140 

gsx> Gly Psrg Gly A^ It«r 'Tyr Ssr Ser Pte Lys Tip Arg Hxp iS/r >ii.s 
145 " ISO 1S5 l^SO 
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Ste Oly Wl Trp A«p Glu Ser Axg Lys Leu Sex lie lyx- 
1€5 X70 175 

Ij^ Phe P-^rcx Giy :ie Qly Lys i^a I'sp i^^^ Itp Glu Val Ifer Qlu 
IBO IBS 190 

i%Sin Oly Asn l^or 1^ lyr Leai ffet IVar Ma lau ^ l^fet His 
195 200 205 



P20 Glu Val thr Glu Lys i 
210 21S 



: Trp Giy i.=ys Ttj:p 'lyr Val i 
220 



Ihr i:hr lie Glv Pl^ 1^ Lai Ma. Val Lys His lie Ljvs 
225 230 235 240 



Fte Fhe Phe Sro "Trii} Imi 5 



Val Ser Gin Iter Giy 



Lys Pro leu Phs Ibr Val Giy Slu lyr "IRep Ser Tyr Mp He lys 
2SS 2SS 270 

Leu Fds ^to lyr lie mt "Ihr to Giy I!^ Ser Ij^i Ite ^ 
275 280 2SS 

Ma Pro His isto Pte lyr -Jhr ma ;Ser l.^ 
290 29S 300 



msi ^ mc m-g Ihr Ijgu Hst Ite tet liar Leu 
ms 310 3iS 



llsr Leu Ma Val to Pte Val ito His 1^ Ihr C^u 



SI 



320 
<31n 



Ma can Ser -ap Val Pko Trip Ete ^ l«u Ma Tyr Ma 



340 



3S0 



Pise XI© tei Ihr Jarg CSn; <3a.u Giy 'lyr Val Wha ly^ Oly 

35S 360 3£S 



IS/r lyr Giy lie Pro ( 



Xle to L;^ ^ lie 



lau Leu He Ma. Arg Jteg Tyr Ma 'lyr QXy Tnr Gl« His 
38S 3S0 3BS 400 



Tyr I^u His i 



> lies Il« Giy Trp Ibr Arg Glu Giy Val 



•nu- Olu W& Pro aiy Ser Giy Ma Ala Lau lie "Ibr Ask> Giy Pro 
420 42S 430 



Glv Glv Ser- Lvs Trp ffet Tvr Val Giy LvB Gin liis Ma Giy Lys VaX. 
435 440 445 

H» 'lyr lai Thr Giy to Arq Se.r Asp Itrr Val *r5ir lie to Sesr 
450 4S0 



^ 0% Txp Qly Glu mm Lys mx <B,r Qlf Ser «l Ber ^ Trp 
46S 470 47B 480 

ml F£0 ftsg ibr Tlsr -yai Ser Ma 1^ He IJ^r 

485 4$Q 4m 

mo fxp ifcer oiu Mb vat ^ asp m- Bjo m-g tsu vai 

SOS SOS SIO 

mm 




CD) ' 



(ii) MJLmiE TXPE: im {genomic) 



(Xi) SHTO,K:E tESCRIFnCH; SEP 4. 

CXTvXEMIG 0?i?O^(Si:K33 WSKOffG CMIMTIXB .^M^SsJ^STT (IXMM^^ 60 

Cm^CTTT □[SMmr (TiraMCr ISWOsStM POS^^CmOi 120 

ixrcKniGC KimAAcm; jicrnxr^ ^sif^^ni?^. Tij^saxc leo 

20 iKnsATXTOT AttsncTBss momm:: a^^^^ossr^ osGnmric mmimqg^^. 240 

M3mmr ^srm^mr itscOTs^ "scmmm mmosott lo^osiMKr 300 

ospsfSUKXJ TOSQis?six:^ m^AiJi'x^s?^ GOO^atXsrA ax>A?v?^;nar M?inxB:?nA 360 

G?iA0]RMXt: OTGO^aCOS MIiOCMS3^ AXIOsG^ ii^GIXiaS^'ff ;E5j:^^TJia:j 430 

/Oi?^T10 MTrBXnm MCCSmn^^ QCmMCTS OCGOOSfiS^ 480 

2& CMTriG?ffi3 GSSStMt?^ CXSMCZTC MmMN^T immyymt: 540 

i%sms%i03 OTmxTs a3fiCK33:m am^mx umK^xm. cmx^cm- sod 

crxKiarMG asiscGoxm -ss^ictckx; (x^msmA muK^^cx' T^&^rm eso 

osjsm^Bxrr ^2X33^a3m: ras^Mrrr o^xmcmh gmt^vIdc mh&j^mj^ '?2o 

J^:MaM^. (TTHMX^ KSm^Oa^TT isOOSOBX (Jm€P£XX MGrOt*?CCa 780 

9D MuiiiLc^^ ',R;-ics:3t^-?iT TissAftAMT GACT'iocfro a^nxmp>A cmrrv(s^ 840 

.mwwT ^^ysmcic {^bsttot prcomi: iOMMiTr tsmms^ soo 



m 

Tcmmms (msrmrsk. Tc^^mimsh Mrmrm akssttckst ogkoaw. seo 

cpa'^^xmx mxjxni'Zi>c rrr^^rx^: h\\y^r.^^7'^ jrcxxxxw oovjOCArrG so;-; 

ooircrmo tkj^acmxg Giii^wmi crB3CA:3XiT3 cju'iajrirr GM::i^?^\ loso 

CN^iSSnWC CllUXs'IMT TIM^STOST IMrXMDGt?^ "TOCOyroS. lOSXCnUlS 1140 

5 -.j-ii^ir^vAi^ ri:?AWi», ccciiTXTcrrj am:?xr.T;v \^Ar"'r"-'^v .^"^a-^-^^tact^ 1200 

QT^z'^i ^:ri's&sx^ icjim<mrr Arcxsarix^ a^»i;i?i^L^i AAA:ri^£:ox:s: i2eo 

c^sKis^^isT os^axrnoc c^dc^sstms itK^DSstc c^oskssMs c?^mi^^ 1320 

'::?aK?:03GQ^ a&^wmagc osMii^mT ':tx^'»m Tiwxxm-. fccao'cix i.?«o 

ii£si?xxm TiMomm cxsssmsir ^imiurciG Tia^oosa;;- cneccmus i<i4C 

to SmtSIIIsa JSdcM 




OTOSMSo (3:m?OT3 ?M?«ro cmmto mo^xrt a^amtmc -^o 

2C vJXS^rXSJT <S3i^AIiEO^JT .Wl^s^IGKr GCIM?iA^:.V SAC/vV^^G ^ ^ 1"'^ 

<=CTrTTa^ Troci?rrrr rraw^?s33G actkdma Gmi-3:^5ixc isc 

iKTSsscrn* icKasrnw^ GC^fWOTiMr g^?^?^acs3338i asriniac iMoiKiax 24c 
a:^3jd5^^k: s^^imri, ':a:v^r^^'^ ^ ^-^^^r^vs^ifX at^attxit' ■^:A^^:7nTX 

'333:^^ItSX?C' TlSiJCSAAJa, "Zm^a-mS^ O ^IV^IXTm Gfl^WiMir tctt(j:v3^"- 

3 c^"3iG?ymr cMMmTo oNmmm. iamiQsss ctooat i&axrm^ 42c 

ivJl'V^J.-ir ^"-TXTSi^^ \r>xT^>rX?G KTT^wa^^^^^ 4J^J 

c?rTXv.».iG 7:rc:?offrG ggsio^aiica ciAcmrtx m^^K:xn:m: cTK^mmc S40 

^:m'x:r?3?03 am?a3c?ro cmnns^ amxrixxs:^ ma^ctsrm TisscsismT &C3 

-nam^SMSS mmcmm. imossmr cmi^s^iso lamimxri' 'Sio?raso3 sso 



m 

a: i';v.^A-t?r"^ -^tvs^^ ''^t -"rocTT? ArT>:xrji?^ '■:^^a>:A"£: xx:?^^^^" 
.f'TuiTBSCZJ 'rroQKsy^ ticxjSSiMam' i^'jsosxc ccrF^i^^s:^ jrAr'XMA.: ^ 

isaWMACr daSMOn^ 'IKSKirWXT GKXXXXTtC iSTMS^^TCT TIMS^MIaCG 930 

s 'rxsmmrr- (^x«>v^. Tr^ir\'r^ aajc^tia ^ctnwrr" -^t^cm^^ 
oara^jm" A'r?:^T33?im.: rrrwE^^ AJ^tao:M:T nt:?y%a:TaG oa^^at 1:^20 

m^Kmrm 'wm&ms armsax crrocrmm csowrrr mo^ag?^ loao 

a«33OT:i\: ocxc?^!^^"'^ 'tAiarts?^" TrrAia^A "-"^^Y^nK T^^rr^xiTSi ii^o 

a^^Ksxmx ixx^^axn^n^ cwm^ojjt: ?iAfWrrr^j: ^uXJGfVj.3s^. \:^oo 

ID O^OS^ST MTHSdAOCa ItSSS^S^SS^ MtlXMQt^ C^03^^iAS3 ^^OT^CXKJS 1260 

<MO^iSiTT (M^CnSC <S%CIM030 £SS303G?^ ^MSH^a^ 13S0 

-^jmismsc Ms?a?^ msramiT immmsi Tm^aimk i.^5c 

ADomcs?^ 'Km!nj&. -mm^nx^ mrtrmm mmsm m^^mmr. mo 

15 (2) tJJraWlCK SEQ ID l«D; 6; 

(8) TWB: n^&ic acid 

{xi5 sb:^^ t^^psimt SEQ H) so? S: 
G:xtrAXTjr TirAAcrxx:^ cmt^sioo^ imttks^ OGs^crxox so 

j^£!:?riKrG:s\ o::3w^:3i!^ c?^?«rGMi3cr: cxmrnoG CMXsoosar 120 

a crnrnzfo: coxnxrrm cm^:^^^^ mxxxmcs KKSMssm cmssiMK iso 

cs^cnsiKrG iKnusscm MTCMKm AA?m3?m5 itnoom p-mxxsM^ 240 
jsys^AcrrOiM* atctio^ okTKs^sGcr actmoris ciGG?!ii^it3G?k i^cjKnsGXC 300 
(s^jKBXOr 'KX^iSXxrM i¥JXBX!X:r c^cjxsms Afi2mii';x5r\ ctxxjjixis^a 3^0 

cnxmTcnsr cxmjxxs>A ccPiK3>^x: losoasccr .sstiMMtrA /gca:jt3-:j?^x; ^iso 
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?^'-'''*~x3?0T nxxxxmji a3sm:AX ta-^txxsot rm^j^'arr, cr^isrsaxr 4ao 

M'aX5J?^-< a^TOT^TT. OSSAXASAC MrXS^MAOJ CA^J^^-Jl^ CLV: .A^VO" irOC 

imxxmcr rsmm^ TO^scmm oiojimro pocu&m^ cnmsssm 66<? 

5 iGCOirai^c?^. ^.cAcvai'V rixxm-T^^ j^tcocotcra. 

rKxrrnT t:d3«sxt:^ <?mTxi?fn«sr ^rocc^rvrx io-oms^ axazxnr 7s^ 

imK0333 AssmoGf^ aMMaxr pxmr^ iootot "^asmm:^ S4c 
G?^. L^*\>c&\ TTrrrrrT 'if:ssmxns TiacMMcm iysmrmc amtnw <^oc 
t'u's^XxSXCG o:cTX\::i^-r G3xs%ciriA ksxsnxmsa cickkes?^ j^c^stsy^cts- 

10 MKrmxs -Ksmiar tOT^sstsa- mx3^>M: ajsjxmr ooocMa ic:>c 

iGacsxtGifcc oaasrtcM OTsmOT" werrrrm T^rm^£nm a^^am^ losc 

imxs^sscs lorrxKiXaG ■ks^cimim' ococtkx^ ^^^^skmo^ ixxtxos:^^ imo 

p>pm:nmh ixmmxrr cnaams oxsossm mocxtcss Mcocmxr i50c 

<sa7?crnG xx30om Gfac?m33s T33?»?ms jsam333:?KC TJ^?iMAcai iS6o 

15 330X30?^ ■iJsscxTXJcr (STOcxx^sr otascmsac! G^jm%A?GG 3m?i^rniT 1222 

G:S3taraG?Co OXW^K" MM^KMX^ GOSXTOT '7KXnTTX(I3 144,1 

anrcx^ m^axcoT Txomsc ammm imnocsAcr isos 

>B '^TB a.\vnr- ar~i 



His Hi^ Asn O^y Thr ito Oiv Ibi Met Slii Tyr Pm Glx^ Tirp l^^ 
15 10 IS 



I^i Pxx> Gly Mb 'l-zp ^ssrs ^ Imx Am S&x- Ma Ser 

20 25 30 

Asa Lys Ser L^-b Glv lie Ttijr Ma Val lie P.>-d Pro Ma l^-p 
35 40 ^ 45 

L^-s Gly Ma. Ser (Shi Asri 14^ Vad Gly IVr Gly Ma Tyr l^u IVr 
SO SS; SO 

I^a <3ly CEu Hife 1^ <SIn Lys <3ly Ihr Val Mg Ifer L?^ =3:vx Glv 
SB 70 75 ' so' 

I5sr Arg <Sln to Glij Ma Ala 13hc: Ser Leu 

8S 90 55 " 

lie Ob Val l^Oiy^V&l Val Met Asn His Lys Gly Glv Ma iteD 
WO lOS lib 

Ma 1S5r GIu ^^fet Val Ma Val Glu ^M, Ito Pkd Js.^ Jten. 
1X5 120 X2S 

Gin (^u Vsl Thr Gly <au lyr Itor lie Glu Ma lip ^ ^ 

PteProGlyi^Glyitol^lJisSerSerPtel^^Tspite^ 

14S 150 ISS a60 

His Phs Gly Val 1^ Oki Ser ^ J%a^ I^u ^ Ito 
3.$S 170 17S 

lie IV^^ Lys Ste ^ <31y His Gly Lys Ma ^ 'Xtp Glu Val te> 
180 i8S 190 

'Xhr Glu ito Gly to lyr Tyr Met lyj^ Ma 11^ ?>fet 
1^5 200 SOS 

ii^ His Pko Olu Val ito Glu to Arg ^ Gly Val Tm T/t 
210 215 22Q 

Thr i^sr. Thr Leu Gly Leu Gly £te Mg lie A^ Ma Val hys ffi.s 
22S 230 23S S40 

lie L^^ Tyr ftsfe Thr Mg Trp lie ;isn His Val Arg Ser Ma 
m 2B0 255 



ttij;- Gly Lys . 



. Phe Ala Val Ma Glu Pbe to L^-s ^ A'sp I^u 
2S5 270 



Gly .^O-a He Glu A«3n T^x to Gail Lys 'Ite Ma^ Trp Asn His Ser Val 
275 2BQ MB 

Phi; ?>.SP \^;a P£C: to His Tyr Asn Leu "IXn- AsTi hi a Sex I.v's S-x Glv 
290 295 300 



Gly ASTi 'i>T ASD ^fet Mtj AsTi lie PJje ^-s. Gly Ilrir Val Gin Ara 
305 310 31S 320 
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iiiB Hro Ser His Ma Val IliiK- Val ^tep Asn His i%sp Sex' Gin Pto 
32S 330 33S 

Glu Glu Ala Leu Ciiu P;-*^; Val GXxi Glu l^p Ste L>'B Pro tea iMa 
340 345 3S0 

Tyr Ala Ibr I^eu TS^v te? Glu Gin Gly Tvr Pxo Sex: Val P}-« IVs^' 
3S5 360 36S 

Gly itep lyr IVr Gly lie Pro Ite His Gly Val Pro Ala ?fet iter iSer 
370 375 3S0 

Ly-B P3%> JXe leu Glu Ma Aj;:g Gin Ly® lyr Ma lyr Gly L>« 

3SS 390 395 400 

Gin OVr Leu Hi« Jii® imi He lie Gly Tcp Tlxi- krvx Glu 

40S 41S 41S 

Gly toi Thr Ma His I>m A^ Ser Gly Lsu Ma Itxr lie Jfet Ser 
420 425 430 

Gly Ma say Gly Trp ite Gly Asg Jt^sn l?^ Ma Gly 

435 440 MS 

On Val Tgp Ssr ili^ lie Gly to. A3:g Ibr <ay 133r V lie 

Am m m 

to Ma Asp Gly Tkp Gly to Jte Ser Val Gly Gly Ser Val Sear 
4SS m 47S 480 



Il^^mpti 
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CLAimB 

1 A vartant of a parent 0-amy!ase, whsch parent a-amylase (i) has an amino acid 
sequence selected from the amino acid sequences shown m SEQ iD No 1 SEQ 
ID No- 2, SEQ ID No, 3, and SEQ !D No. 7. respectively, or displays at ieasl 
s 80% homology with one or more of said amino acid sequences; and/or displays 
immunological cfoss-foactlvlty with an Bfilib^y f3is©d against an cf-amylase having 
one of said amino add sequences; and/or is encoded by a DNA mqmnce which 
hybridises with Ih6 ssnia prob© as s DNA sssju^ncss ^riccudlng^n fi^-aniylass having 
on© of ssid ^Ji^it^o scid ssciussncssst itk whtch vsflsnt' 
10 (3} at least one amino acid residue of said parent ^-amylase has been deleted; 
and/or 

(b) at least one am;no acid residue of said parent sr-amylase has bmn replaced by 
a different aoiino ®cid residue; and/or 

(c) at least one amino acid residue has been Inserted relative to said pBrmi 

said vsriarjt having ^-amyiase activiy and exhibiting at least one of the following 
propefties relatsva to said parent fir^ernylese' increased itiermostability; increased 
stability towsrds OKidatlon: end reduced Ca^* depertdsncy; 

Vv'ith the proviso thai; the amino ac^d ssquencs of said variant is not Identical to any 
20 of the ammo acsd sequences shown in SEQ ID No, 1. SEQ ID No. 2. SEQ ID No. 
3 and: SEQ ID No. 7, respeollve!y. 

2. A variant according to claim 1 , wherein at least one oxidizable amino acid residue 
of said parent «»amylase has been deleted or has been replaced by a different 
amino acid residue which Is less susceptible to oxidation than said oxidtzable amino 

m acid residue. 

3. A variant according to cmm 2, wnereln said oxidizable arr^mo acid residue is 
selected from the group consisting of methionine, tryptophan, cysteine and tyrosine. 



m 

4. A variant according to claim 2 or 3, wheram said oxid?2:able amino acid ressdua 
is a methionine which is, or which is equ=vasent to, MS, yiO. ivt202, ^208, 

M261. MmB. M43Q or M440 of the amino acid sequence shown in SEQ fO 

MO. 1, 

s 5. A variant according to dalm 4, compmmg a methiomn© sufostfetion whicli is, or 
which is ©qyivaW to. om of the Mtemm sybstitutbns In the amino acid se<|uence 
shown in SEQ 10 Na 1: M9L; M10L; M105L; M202t.T.FJ.V: M208L; M261L; 

6- A variant according to any one of claims 3-5. wherein a said methionine residue 

10 has been replaced by threonine, 

?. A varlanl according to ^ny ofie of the preceding claims, wherein at fea$t one 
mummm is. Of wtifch Is ecfyivatent to. F180, R1S1, mm, T163, mm or 
K1B5 of fie amino add sequ^ceshovi^n Irt BEO ID No. 1 has tseen dele^. 

i. A variant ascs?rtlihi to claim 7. wherein the cl^leted amino acids are, or are 

1S eqiflvalent to< any two of said amino acid residues. 

9; A variant accordlr^g to claim a, wiierein the deletions ar©, ©f are equivalent to, 

Rwr * 01:82*; Of 1133^ mm*. 

10. A variant according to any one of the preceding claims, comprising an amino 
acid substitution which Is, or which is equivalent to, one of the following 

20 substitutions in the amino acid sequence shown in SEQ ID No. 1; K269R: P2S0E; 
R124P: M105F.I,L.V; M208F.W.Y; 12171; V206I,LF. 

11, A variant according to any one of the preceding claims, comprising an arnsno 
acid substitution whfch is. or which Is equivalent to, one of the following 
substitutions in the amino add sequence shown in SEO ID No. 1: Y243F; K108R; 



K1T9R; K239R; K242R; K26SR; D163N; D188N; DISaN; D199N; 020SN; D207N: 
D209N; E190Q; £1940; NIOeD, 

12 A DNA construct ccurips issng a DMA sequence ^ncodlfsg an ^-amylase ^amnt 
according to any one of ciaims 

s 13. A mcombinant expression vector which carnes a DNA construct according to 
Claim 12; 

14, A mn which is transformed with a DNA construct according to clBim 12 or a 
vBcior according to sfslrn 13. 

15. A ceil according to claim 14, which is a microorganism. 

10 16. A cell according to claim 15, which Is a bacterium or a fungus. 

17, A ceil according to claim 16, which Is a gramposHlye bacterium such as &aciHus 
Bubms, aadiius Hchenifofmis, Bmillus i&ntm. BaciiiuB bmwB. BadHm steam- 
thernwphilus, BBcillus alkalophiluB. BBCilhs &myhliqmfBdBns, Bacillus coaguians, 

Baciihs drrAJlam, Baciilus lauius, BsdIbB Hiurmg^ensss or Streptomyces lividBm 
15 or StfBptomyces munmm. or a gfamnegative baclenum such as E.calL 

ia. A method of producmg an «r-amyfase variant accofding to any one o? claims 1- 
1 1 , wherein a ceil according to any one of claims 14-17 Is cultured under conditions 
conducive to the production of the a<amylase variant, and the «?-amylase variant js 
subsequently recovered from the culture, 

20 19. Use of an «r-amylas8 varianl according to any one of claims M1 to? wssnsng 
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20. A detergent additive comprising an ©-amylase variant according to any one of 
claims 1-11, optionafiy in m form of a non»<iusting granulate, stabised liquid or 

proteaed enzyme. 

21 A datargant additive aeqoftllnp to cteim 20, cemprtsini 0.02»200 m§ of ansEyme 
S prot#ln par grarrs of tlie addiSve. 

22; A detergent additive aocorcllng to daim 20 or 21, wHioh addaonafly cofriprto 
ariother erizyme sych as a protaasa, a lipase, a pefoxidase, another amylolylic 
enzyme and/or a oellulasa. 

23. A datargarst composition comprising an a-amyla$e variar^t according to any one 
10 of syms and a surtaelant 

^ oeiargam composfion aooorqjng to craim 23, wmch additionally oomprisas 
arsotlier ansyma such as a |5raiease, m lpme. a peroxidase, amhm amylolytic 

2S. A manual or automatic dishwasiilng detargant compositlDn comprising an 
15 ^--amylase mmnt according to any one of claims 1-1 i and a suffaoSant, 

£D. A ojsnwasnino oaiargani composition accpfofng to oiasm ^o. wnjcn additsonatiy 
oomprsses another emyme such as a protease, a lipase, a peroxidase, another 
amylolytic enzyme and/or a ceflulasai 

27. A manual or a«top#e laundry v#sh^^ composMon comprising an s-amyiase 
20 variarit according to any ona of claims 1-11. Bn4 a syrfadani 

ZB^ h Imnilr^ hashing oomposltion aocordiiiig td claim 27, wHich addrKonaiiy 
comprises another eniyme sueh as a protease, a lipase, a peroxidase, an 
amyloiytic enzyme and/or a o^luiassf. 




m Use of m &-my\mm vaflant accofdfflg ta any orm of claims 1-1 1 fer Wie 
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10 20 30 4 0 



i sX)LTDyj£i-Siv'KGXVRTSVGTaKQi,OAA%'TSJ«KI^GIOVTGDV'y>«^H i20 
3-3 0 I'iii ISO ^ XiSg 3.70 1$0 

ISO SO 9 . .2ie 220 230 340 
i. -.J..-..-^ L. 1. L i i U™™iL»»»»»X™™™-^ 

4 RGH0K».i^DKSs!t;T£J«Gfn'CYLMYAl>IDME;KPr¥T?iJgl,KS8GVWTnSTS:^ 2*0 
2 Si" SGC: 2 70 .aas 500 

' "^'^^ 

4 SKSCGKyD«8S«JF?fGTVV^r!S»SH?iVT?VDSHDj;C-?KKALivSFVKE j § <J 

_ 38!> 590 400 4iO 



438 mo 459 4®« 4rtS 480 
J i 3 i i. S k 

4 S5J»N!5G;jX.i I^SMAQOSK«>^FVGSSKAGOVygDlTr»N'8TC.TVTIf{ASX3W<;?4FgVSa«gVS 480 



5. VWVKQ 48S 

5 VWVg'»5CTTVSTTAKPTTT8P«TG5F'VR«TEPR3:<VA« S14 

2 XWVKS 48 S 

4 I«VJ»n< 485 
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The probI(&m cla,1.jn<&d ralat^e^ toa-Bmy^las^s vaseiants with iiicrea- 
s«sd thertr^ostabilitYf Jincreased stability towards oxidation 
and/cr rssdticad ca^"** dependency. The solution to this px^oblem 
is to make an a^ndmfsnt in a parent Ci-ajTiV'iases having the 
amino acid sequences shown in BBQ ID No 1, SEQ ID Ho 2, SEQ ID 
no 3 and SEQ ID No 7, 

"A search for a special technical feature" as mentioned in PC-T 
Rule .13-2 among the independent claims did not reveal a 
unifying, novel technical feattsre. The fact that all of the 
three different typs*® of variants come frosn the saxne 

4 parent a-am>/la8«« <SEQ ID No 1, SEQ ID Ho 2, SEQ ID Ho 3 and 
SEQ ID fio 7) doss not form a general inventive concept. 
Accordingly, the following inventions were found: 

J Claims 2-6, part of claim I and part of claims 12-29 
directed to a variant of a parent a-ssir^iaa® whissh 
exhifeits 4sscr«a»«d stability towards oxidation 

II Claima 7-10, part of claim X and part of claims 12-29 
directed to a variant of a parent a-amyXase which 
exhibits increased thermostability 

lit Claim 11, part of elaiis 1 and part of claims la-as 
directed t© a ^riaist of a parent a-smy^las^ which 
eschifoita decreaaed CJa^"*" dependency 

The search has bsan restricted to the firat inv^ntiosi. 

























9510603 


20/D4/9S 


















95^6397 


05/tO/9S 











03/02/94 


NONE 






9116423 


31/10/91 




03/03/93 










04/8S/93 




9418314 


18/0S/94- 







in 


9X00353 


iO/OX/91 




Z4/06/93 








Ay~A-" S953S90 


17/Ol/Sl 








CA-A- 203OSS4 


3D/LV90 








CN-A- 1050^20 


27/03/91 








£f>-A,A,A 0410498 


30/01/91 








JP»T» 4S007S6 


immz 








US»A- S3647S2 


ismm 


FR~AX~ 


^76456 


m/mm 


mmE 








m/mm 








953538S 





NOUS 




US-A~ 




lS/07/86 








870Q20S 


15/01/87 


£P»A,A,8 8mi6X 















